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EXECUTIVE SUMMARY
PROBLEM

The aviaticn training research examining the effectiveness of simulator
training has been so diverse that the results of the individual investigations
have been difficult to combine, Traditional narrative reviews have produced
inconsistent conclusions. This has resulted in an inability to derive
specific guidance for training design from the accumulated research.

OBJECTIVE

The objective of this review was to apply recent advances in data
integration to the aviation simulator training effectiveness research, in
order to identify those characteristics that have an impact on training
outcomes. Areas of interest included: 1) imput variables (task equipment,
task requirements, and trainee characteristics); and 2) throughput variables
(simulator design and training context),

APPROACH

A total of 247 journal articles and technical reports that addressed
aviation training were located. From this base, experiments which included
training transfer to the actual equipment were seslected., A quantitative
review approach (collectively referred to as meta-analysis) was applied to
those experiments that reported the information required for the atatistical
analysis. A total of 26 experiments (19 involving jet aircraft and seven
involving helicopters) were included in the final meta-analysis.

CONCLUSIONS

The research reviewsd for this analysis demonstrated that the use
of simulators consistently produced asuperior training for jet pilots
(relative to aircraft-only training). Since the analysis included such
a small number of helicopter experiments, no conclusion on the training
effectiveness of the helicopter simulators could be drawn, Motion cuing was
found not to add significantly to the training for jet pilots, and in some
cases, may have detracted from the training. The conclusions concerning the
training outcomas for motion-based simulators were considered highly tentative
due to methods that had been used when the motion-related experiments were
conducted. There were too few experiments comparing training in motion based
simulators to training with no motion for helicopter pilots for analysis to be
done. In general, training outcomes appear to be influenced considerably by
the type of task trained and the amount and type of training given,

Several specific training variables were examined. The findings from
these areas are as follows:
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Zask Equipment

The outcomes of the experiments involving the training of jet pilots were
different from those involving the training of helicopter pilots. Results
differed in both size and pattern of training outcomes. Jet experiments
consistently found simulator training combined with aircraft training to be
better than training in the aircraft alone. The findings from similar
helicopter experiments were less consistent, and only slightly favored
simulator training combined with aircraft training over aircraft training
alone.

An insufficient number of helicopter experiments (total N=7) precluded
any in-depth analysis involving this type of aircraft, Therefore the results
of the meta-analysis are specific to jet aircraft training involving recen
Undergraduate Pilot Training (UPT) graduates or current trainees with little
or no experience in a simulator or in a jet aircraft.

For jets, the overall training effect for all tasks trained was positive
and robust. Over 90 percent of the experimental comparisons favored the
simulator and aircraft trained group over the alrcraft.only trained group. On
the average, subjective performance measures (e.g., Iinstructor ratings) were
more sensitive to training effects, and produced greater results than those
obtained with objective measures (e,g., instrument readings). As tralning for
both groups progressed and reached the point where it was conducted solely in
the aircraft, differences between the groups diminished.

Iask Reguirements

Certain tasks were more effectively trained in the simulator than others,
For jets, when simulators were used for the training of takeoff, approach (to
landing), and landing (excluding carrier landings) tasks, the training effects
were greater than they were for the combination of all tasks.

Trainee Charactexistics

Only two trainee characteristics were identified as likely to have an
effect on training results, flight experience and UPT grades. These
differences in trainees were rarely studied. When there was concern that
these differences might affect training in any single experiment, an effort
was made to compose each of the trainee groups with equal amounts of
experience or similar grades.

Simulator Design

For jet training, motion cuing was found to add nothing to the simulator
training effectiveness, and in some cases, may have taken away from the
training wvalue of the simulator. However, this finding may not bhe truly
representative of the effectiveness of motion-based training since: 1) ther~
was a lack of periodic calibration of the motion cuing systems; and 2) the
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results were based on all tasks combined. The positive effects of motion for

any one task may have been masked by the negative effects of motion for
another task,

Ixaining Contaxt

The average effectiveness for training programs where trainees were
allowed to progress based on a demonstrated proficiency was greater than for
training programs where all trainees proceeded at the same pace. Information
on other aspects of the training context, such as the use of instructional
features and the provision of feedback was seldom reported and could not,
therefore, be analyzed.
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INTRODUCTION

Since the introduction of flight simulators to aviation training,
questions about the most effactive designs of the resulting systems have
proliferated, There long has been the expectation that answers to these
questions are to be found in the extensive research that has evaluated the use
of flight simulators in training. However, individual research results have
been mixed, and narrative reviews of the research domain have failed to
provide specific training system requirements for producing the most
favorable training outcomes.

Several reasons may be cited for the disparity of results in this domain.
For example, Caro, in 1973, noted that the primary focus of research efforts
had been to determine the effectiveness of a particular simulator within a
given training program, rather than to manipulate various training aystem
elements, in order to develop general design principles, Nearly temn years
later, Waag (1981), in reviewing more recent research, made the same
ohgervation,

The narrow research focus for expevimentation within this area was
adopted, in part, from practical requirements. The cost of a full mission
simulator, and the operational aircraft required for assessii.z transfer of
training (TOT) dictate that most research in aviation training must occur in
an on-going training program. Conducting research in this setting
necessitates that the research be secondary to safety factors and to the
training program. This almost inevitably interferes with experimental control
(Oshorna, Broyles, & Quick, 1985) and dictates that the research will be
designed to answer the one question that 1is most pressing for the training
organization: Does this simulator train?

Another factor that helps shape research objectives rises from the
underlying assumption regarding the role of the simulator within the training
program (Eddowes & Waag, 1980)., Due to efforts aimed at saving on the cost of
oparating the aircraft, the simulator, in many cases, has been considered a
substitute aircraft rather than a training device. This view places emphasis
on the similarity of the simulator to the operational equipment, and tends to
de-emphasize the investigation of other elements that may have an impact on
training. In support of this viewpoint, there {s theory and research
suggesting that increasing the common elements that exist between the training
and operational environments increases transfer of training (Osgood, 1949:
Thorndike, 1903).

According to Eddowes and Waag (1980), the simulator can alternatively he
viewed as a teaching tool, and Its effectiveness can be improved in ways other
than by increasing its physical similarity to the operational equipment. Thls
assumption is supported by mounting experimental vresults indicating that
positive training outcomes may be realized using simulators that do not have &
high physical resemblance to the operational alrcraft (see e.g.. Caro, Corley,
Spears, & Blaiwes, 1984). Prophet and Boyd (1970) demonstrated that

15
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procedural training could be just as effective when trainees practiced on a
simple mockup of a cockpit as when they trained in a sophisticated
computerized trainer, Finally, there is convincing evidence indicating that
the effectiveness of a flight simulator varies according to the training
method used (see e¢.g., Bailey, Hughes, & Jones, 1980).

The term commonly usod to describe the degree of realism between the
simulated and operational ervironments is fidelity, Fidelity has been used in
a variety of contexts and has been given a number of definitions (Hays, 1980).
For this review, the term fidelity is based on the definition presented by
Hays and Singer (1989).

Simulation fidelity is the degree of similarity between the tralning
situation and the operational situation which iz simulated, It is a

two dimensional meaaurement of this similarity in terms of: (1) the
physical characteristics, for example, visual, spatial, kinesthetic,
ete . | and (2) the functional characteristics, for example, the
informational, and stimulus and response options of the training
situation (Hays & Singer, 1989, p. 50).

As this definicion makes clear, the realism of simulation is a complex
concept, The majority of research has examined only the physical aspects of
this concept, rather than the functional aspects,

With so much variance in experimental objectives and in training
orientations, there are no individual experiments with aviation training
devices that can answer questions of general interest for training,
Integration is necessary to determine if this body of research can produce
guldance for training system design and for future research.

RESEARCH INTEGRATION

The traditional form of review, the narrative review, has been unequal to
the task of integrating the results from diverse experiments. Reviewers of
aviation training research are required to make a large number of judgements
in combining the information that provides a summary of the research area.
These judgments include comparisons of imsues associated with: experimental
control, training tasks, level of trainees, length of training programs, and
the relative value of one reported statistic over another, The number of
decisions to be made 1is large, and the reviewer has no guidance in making
these decisions, Furthermore, since he/she is not required to document in the
review how the decisions were made, it is difficult for the reader to assess
the relative value of two different reviews, To correct for apparent
shortcomings inherent in the narrative review method (see Jackson, 1980),
several quantitarive review techniques, collectively known as meta-analysis,
have been developed (Glass, McGaw & Smith, 1981; Hunter, Schmidt & Jackson,
1982: Rosenthal, 1978).
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META-ANALYSIS

Meta-analysis seeks to aggrsgate and transform Iindividual research
outcomes into a common effect size metric (e.g., g or x), then to compute a
mean value across experiments to obtain & good estimate of the population
value (Glass et al,, 198l1), While the techniques involved may vary,
meta-analytic reviews are becoming an increasingly popular tool for soclal
scientists (Bangert-Drowns, 1986)., One important advantage of meta-analysis
over the narrative review method is the explicit information provided on the
decision processss used by the reviewsr (Mullen & Rosenthal, 1983).

Mullen and Rosenthal (1983) note that the combination of some research
characteristics relies heavily on the subjective decision-making processes of
the reviewer. They presented several decisions that may critically affect the
outcome of a meta-analytic review, including: 1) the cholce, coding, and use
of research characteristics; 2) decisions inherent in the data/retrieval
reconstruction process; and 3) methods used to summarize results across
expariments, The approach they recommend for appropriately dealing with
subjective decision processes is to, ",, . make explicit the rationale behind,
and the procedures underlying, those coding schemes used," (p. 18), and to
impart reliability to the decision-making process by using several coders.

. At least two different approaches to meta-analysis have emerged, These
approaches reflect different philosophies concerning variation in effect sizes
(Mathieu & Tannanbaum, 1983; see also Dickinson, Hassett, & Tannenbaum, 1986).
The first, advocated by Glass et al, (1981), assumes that the varilability in
effect sizes within a given domain is dus to moderator variables. For
example, training effectiveness could be modified by characteristics of the
simulator, the trainees, the instructor, or other moderator variables,
According to this approach, effect sizes are regressed upon the moderator
variables of interest and the resulting outcome is used to explain differences
between the research effect sizes,

Another approach to meta-analysis is based on the work by Hunter et al.
(1982). This approach differs from the Glassian (1981) approach, in that it
ls more conservative with regard to moderator variables. Specifically, Hunter
et al. (1982) caution that variation of effect sizes may partially result from
such artifacts as; 1) sampling error; 2) measurement unreliabllity; and 3)
range restriction. Thelr approach advocates correcting for these artifacts
prior to the search for valid moderator variables. It follows that if
sufficient unexplained variability inherent in the effect sizes remains after
removing error variance from the above three sources, then a search for
moderator variables 1s warranted. In general. the Hunter et al. (1982)
approach is more consetrvative than the Glassian (1981, approach because it
minimizes the likelihood of incorrectly inferring a valid moderator exists.
This review Incorporates meta-analytic procedures advocated by Hunter et
al. 11982), although formulas from Glass et al. (198l) were used to
derive effect size values within a given experiment.

17
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In sum, several factors have made it difficult to accurately determine
what varlables affect flight simulator training outcomes, and to what degree
they do so. One important factor is the overly narrow focus of individual
experiments that make up the research in this area. Traditional narrative
reviews of this domain have falled to extract the information that would allow
specification of training principles. An alternative to the narrative review
is meta-analysis, which employs quantitative review techniques,

OBJECTIVES

In light of the above, the objectives for thls research were to conduct
meta-analysis in order to: 1) identify wvariables that affect flight simulator
training outcomes; 2) identify information gaps in the literature (1.s.,
verlables of interest that have yet to be systematically evaluated); and 3)
provide direction for future research. Satisfaction of these objectives will
contribute to the larger objective of improved f£flight training for military
pllots,

18
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METHOD

In order to analyze research reports in the aviation training area, with
regard to variables that may affect training outcomes, a conceptual meta-model
was developed, The meta-model is presented in Figure 1, and includes the two
broad areas thought to have an impact on the magnitude of training outcomes:
1) input variables, such as thes requirements of the task, task equipment, and
tralnee characteristics; and 2) throughput variables, including simulator
design and training context, These areas were selected from training
variables that were most consistently identified as important in various
reviews of the simulator training research cited below. With the exception of
trainee characteristics, the areas of interest in the meta-model are
consistent with those specified by Wheaton et al, (1976), Trainee
characteristics were added to the present review because there is a growing
interest in the area of individual differences and how such differences may
affect training (see e.g., Hogan, Arneson, & Salas, 1987; Jones, Kennedy,
Turnage, Kuntz, & Jones, 1986),

INPUT THROUGHPRUT OUTPUT

vvv> Simulator Design -
Task Equipment . ' Training Outcomes
Task Requirements ........ ...> Trainee Performance
Traines Characteristics . '
. Training Context .
voo>» <Training Type....... ...
-Performance Measursment

Figure 1. The Meta-Model for Simulator Fidelicy

LITERATURE SEARCH

Experiments within the domain of simulator fidellity and training
effectivensss were first identified through

: (Ayres, Hays,
Singer, & Heinicke, 1984). This document was compiled after literature
searches for the years 1957 to 1982, Additional searches were conducted for
articles for the years 1982 to 1986, Other experiments were located through
the reference lists in the obtained articles and in a published search from
tlhe U.S. Department of Commerce on Flight Simulator Training (December, 1997
to November, 1985). An open letter was given to all attendees of the Fourth
Annual Flight Simulation Update Conference - 1988, requesting recent articles,
published or unpublished, that addressed transfer of training in aviation. In

addition, individual researchers were contacted and asked for information on
relevant research that may not have been included in the published domain
(e.g. . articles in prees or 1in preparation). Finally, the Technical
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Information Center at the Naval Training Systems Center, Orlando, was searched
for published technical reports within the aviation training domain,

Table 1 presents a listing of the primary sources used ¢to cbtain
information for this meta-analysis. Key words that were used when locating
experiments were: simulation training, training devices, simulator fidelity,
training device requirements, transfer of training, training effectiveness
evaluazion, simulator cost effactiveness, fidelity guldance, computer
simulation, simulated environment, flight training, military training, and job
training.

A total of 247 journal articles, book chaptars, and technical reports on
training effectiveness were collected., The literature was divided into four
categcries; reference materials, aviation device empirical research,
emplrizal research on other devices, and non-relevant information, The
vefarence wmaterials were reviewed and added to the data base 1Lf they
contributed to the understanding of the empirical research, Appendix A lists
experizents excluded from the meta-analysis and reasons why each was rejected,
Only cthe experiments that involved training with a simulator and transfer to
operational equipment were retained. Of those experiments, only the ones that
raportad the necessary statistics for meta-analysis could be included in the
research integration, 1If an experiment lacked sufficient statistics, efforts
wera made to contact thoss who had conducted the experiment to see if they
could supply the necessary data,

CODE SHEET

A code sheet was developed for use in extracting data from the collected
research, This code sheet was based on the meta-model, and its purpose was to
ensure that the critical information for this analysis would be collected from
each report.

Tre initial version of the code sheet, presented in Appendix B, lists: 1)
classification of task equipment; 2) training context wvariables; 3) the
trainirg task; 4) trainee characteristics; and 5) areas related to research
desigr characteristics and sample population. Simulator design and fidelity
level although part of the meta-model) were not included in the initial code
sheet A sampling of the literature indicated that information describing the
various gsystems which combine to make up the simulator, such as those related
o motion and visual display, varled considerably from report to report. In
many lnstances, one or more secondary sources were cited in lieu of a detailed
descriytion of the simulator., Coding of fidelity issues was delayed until
more information on the simulators could be gathered.

Tne initlal code sheet included the topic areas as major headings. An
area above the headings was used for recording useful statistics and report

20
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Table 1

Primary Sources Used to Locate Relevant Experiments

Source Year(s)
1. Computer Search - 1982-1986
ERIC
NTIS

Psychological Abstracts

2, Literature Reviews and Bibliographies

AGARD-AR-159 1981
' Ayers, Hays, Singer, & Helnicke 1984
Caro 1977
Hays & Singer 1989
Kinkade & Wheaton 1972
Martin 1981
Waag 1981
Wheaton, Rose, Flngerman, Korotkin, Holding, 1976

& Mirabella

identification information. The firat 25 experiments were reviewed by three
individuals who coded the same experiments and discussed important
characteri{stics found for each toplc area. Through these discussions,
potentially useful characteristics were identified and a more formalized code
shoet was developed.

Appendix C lists items that were listed in an early version of the code
sheet., but were eliminated due to lack of information in the research reports.
These {tems include Iinformation related to research design, level of simuilator
. fldelity, and training characteristics (e.g., proficlency based vs. blocked
desigr. number of training trials). The final code sheet, shown in Appendix
D, was developed through a series of iterations based on coders’ discussions.

21
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CODER TRAINING

Groups of two or more coders met periodically during the coding process
to define coding response categories more precisely. The definitions for the
coding sheet, along with any caveats, were recorded in a code book that was
referred to during the coding process,

The purpose of the code book was to improve interrater reliabilicy hy
providing standard information to the coders, The code book offered
gulidelines for selecting among coding categories, response categories,
location of information, and correct calculations for numerical responses,
The code book is presented in Appendix E with a description of information
included for each area.

As noted in the previous section, coding the simulator configuration and
fidelity 1level toplc area was particularly problematic, Hays and Singer
(1989) provided a conceptual framework that guided initial efforts in coding
aspects of simulator and simulation fidelity, Pragmatic issues were explored
through discussions with engineers whose expertise included simulator design
and development. It was necessaty to contact knowledgeabls persons (e.g.,
primary investigators ‘or Naval Training Systems Center project managers
familiar with each device) to fill in information gaps pertaining to simulator
configuration and £fidelity level., When possible, several persons were
contacted as a means of corroborating this information. The final response
categories for this area took into consideration both conceptual and pragmatic
concerns, and fused them with the additional constraint of availability of
requisite information, '

It should be noted that the fidelity level of a slmulator was determined
only for the individual subsystems that make up the simulator (e.g., visual,
motion, sound). No attempt was made to give an overall fidelity rating, since
it 1is 1literally impossible to assess the relativa contribution of any
subsystem to the simulator as a whole,

CODING PROCEDURE

At least two coders independently coded all research. The completed code
sheets were discussed, and all discrepancies ware resolved by consensus
decision, A consensus decision process was used instead of a pooling
procedure hecause: 1) many coding respunses were discrete; 2) the consensus
decision process served as a continual form of training for the coders; and 3)
coders would cite information directly from the report to substantiate their
coding response, thereby increasing the thoroughness of the coding task. The
independantly coded responses were used to calculate interrater reliability
estimates, and the consensus-derived coded responses were used when performing
all other analyses,

22




Technical Report 89-006

INTERRATER RELIABILITY

Among the several interrater reliability indices suggested in the
literature, two are applicable to the coding procedure used in this research.
In general, indices that tapped interrater agreement, as opposed to interrater
consistency, were used, since the latter index allows for the possibility of
having different coded responses with a demonstrated perfect interrater
reliability (Tinsely & Weiss, 1975; Jones, Johnson, Butler, & Main, 1983; see

also Dickinson et al., 1986)., For discrete response items, Cohen’s kappa:
(Cohen, 1968) was calculated because there were at least three response
classification categoriss for all but two items, which were dichotomous in

nature, The Cohen's kappa formula produces values ranging from - 1.0 to 1.0,
with zero (0) indicating chance agreement and 1.0 indicating perfect
agreement, For  continuous response 1tems, an intraclass correlatlion
coefficient (ICC) was calculated that provides an indication of the degree cto
which the two coders' responses are intarchangeable (Shrout & Fliess, 1979),.
This coefficient was used here bscause two coders weré responsible for coding
the experiments after the initial phases of formalizing the coding sheet ware
completed,

The reliability estimates indicated that moderate to high levels of
interrater reliability were obtained using the coding procedure, For all
discrete response items, the mean Cohen’s kappa value was .67 and ranged from
36 to ,92, When items having no variability were deleted, the mean kappa
value was .69 (range was from .63 to .94), For continuous response items, the
ICC (2.1) value was .95,

CALCULATION OF RESEARCH EFFECTS

There are several training outcome effect size (ES) estimates that could
be used for svmmarizing the experiments used in this report. Glass et al.
(1981) advocate use of what 1is commonly referred to as the ¢
(difference) statistic, calculated by subtracting the mean performance scores
of the experimental and control groups, then dividing this difference by the
control group standard deviation (usc of a pooled standard deviation has also
been suggested)., However, Hunter et al, (1982) note that this ES estimate is
strongly dependent on sampling error, These researchers advocate use of
either a biserial or point biserial correlation coefficlent for several
important reasons: first, ©biserial and point biserial statistics can be
corrected for statistical biases from sampling error, measurement error, and
restriction of range, (for both the measurement and criterion variables);
second, they can be transformed into the ¢ statistic, and are thereby readily
interpretable; and third, both types of correlation coefficlents can be used
with multivariate analysis techniques, which have been found useful for
analyzing research characteristics to {identify potential moderator variables
(e.g.. Dickinson et al,, 1986; Hunter, et al., 1982).

The point biserial correlation coefficlent was chosen for wuse {n this
review because the separation of subjects into either an experimental or
control pgroup established a "true" dichotomy, a primary conslderation for
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determining appropriate use of the point blserial correlation coefficient
(Isaac & Michael, 1978, p.126). The other criterion, that the performance
measure be continuous In nature, also applies to experiments used In this
review.

A detailed description of procedures used to convert one or more research
statistics jnto a weighted mean point biserial correlation coefficlent,
denoted as RPB, is given in Appendix F. 1Ip_general, the procedures chosen
were those that would produce conservagive RPBs for individual experiments,
and thus the overall (population) RPB may be viewsd as a conservative
estimate of the flight simulator training effectiveness.

According to the Hunter et al. (1982) approach, variability involving
criterion performance measures should be corrected for sampling error,
unreliability, and range restriction whenever possible. In this analysis,
only the correction for sampling error was used becaut.:!: 1) entire classes of
Undergraduate Pilot Training (UPT) graduates (or current Undergraduate Pilot
trainees) were used as subjects, in many cases; and 2) usually, sampling error
accounts for a majority of the spurious error relative to the other two
sources (Schmitt, Gooding, Noe, & Kirsch, 1984),

With regard to transfer effectiveness, two major problems precluded
attaching a dollar figure pr_ time/training savings <£figure to a given RPB
value, Firat, cumulative RPB values reported here collapse across different

training programs, simulators, and tasks., Training effectivenecss measures are
highly dependent on training, equipment, and task variables (Orlansky and
String, 1977). A second problem i{s related to the rapidity of technlcal
advances in this domain., Many of the experiments included in this report were
completed over ten years ago. Technology has advanced to such a degree since
then that cost savings or other training effectiveness metrics related to
these results may not be applicable within current simulator training
programs.

Outcome measurements that were directly or indirectly based or. some form
of evaluator rating were considered subjective in nature. Instructor pilot
(IP) ratings wers the most common assessment technique for experiments
reported in this vreview, Even seemingly objective measures, such as
trials-to-proficiency, when proficlency was based on IP Judgment, were
classified as subjective. Only measures that were based on clearly objective
indices, such as recording of instrument readings at selected points during a
flight-control maneuver (Martin & Waag, 1978b), were considered objective.

Initial and final transfer trial measures were coded for all experiments
that specifically reported this information, Final transfer trial {nformation
was not standgrd. The actual trial number used to calculate the final
transfer trial RPBs ranged between the third and seventh transfer trial across
experiments,

The other measure used to evaluate training effectiveness in this review
was the percentage of negative research statistics. This measure is a ratio
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of the number of research statistics that were negative in wvalue (i.e,,
instances where the control group performance was superior to that of the
experimental group), divided by the total number of research statlstics used

to calculate a specific RPB, Thus, for a given experiment, a_pgrcent
negative research statistic measure was calculated for each wvalid RPB area
(e.g., overall, objective only, subjective only) produced for the experiment.

Although the percent negative research statistic metric is an indirect measure
of training effectiveness, it does provide information about the consistency
with which experimental training outcomes favored the experimental or conttol
group,

PROCEDURE FOR DETERMINING MODERATOR VARIABLES

Experiments were coded acecording to both continuous and discrete response
items, Since the number of experiments for each type of aircraft was small,
and particularly so for helicopters, inclusion of response categories for
subsequent analysis could not be guided by multivariate statistical procedures
(e.g., multiple regression and factor analysis) found useful in other meta-
analytiec reviews (Dickinson et al,, 1986; Hunter et al., 1982). Instead,
individual response categories were examined using descriptive measures to
assess whether there existed sufficient variability for follow-up analysis.
Next, «correlation ocoefficlents were calculated bhetween selected response
categories and each dependent measure, and between each of the remaining
independent variables. Finally, ©potential moderator variables that were
identified by ocorrelational analysis were examined further using subgroup
analysis outlined by Hunter et al. (1982, p. 105; see also Dickinson et al.,
1986) .

The procedure for determining if a variable is a moderator_uging subgroup
analvsis was as follows. The weighted mean effect size (RPB), observed
variance, error varlance, and "true" variance for the ctotal group and for
individual subgroupings of___experiments were compared. Valid moderator
variables produce different RPB estimates for separate subgroups when compared
to each other, More importantly, the "true" wvariance for the individual
subgroups is reduced relative to the total group. This reduction indicates
that partitioning the total data set into tws or more subgroups is
appropriate, since these subgroups are more homogeneous in nature (i.e., show
less variability) relative to the total group.

A rule-of-thumb for determining whether subgroup analysis is appropriate
is given by Pearlman, Schmidt, and Hunter (1980). This rule states that 25
percent or more unexplained variance must remain after correcting for rasearch
artifacts for the total group, before it is appropriate to lock for moderator
variables.
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RESULTS
OVERVIEW

A total of 26 transfer of training experiments were coded; 19 for jet
alrcraft and seven for helicopters, Table 2 presents a brief summary of
important information from each of the experiments., The last two columns
describe the research aggtistics and the wejighted mean point biserial
correlation coefficients (RPBs), respectively. RPBs were calculated for five
areas: 1) the overall training outcome effect (averaged across task type,
transfer trial, and type of outcome measure); 2) objective measures only; 3)
subjective measures only; &) initial transfer trial; and 5) final cransfer
trial.

Table 3 presents a breakdown of the total number of experiments included
in the meta-analysis based on aircraft type and expaeriment type. These
breakdown variables were both conceptually and empirically based,
Conceptually, since aircraft (task equipment) differ immensely in appearance
and aerodynamics (jets are different from propeller-driven aircraft; and both
of these alrcraft are very different from wvertical takeoff-and-landing
aircraft), the pattern of training outcomes could be expected to differ as
well, Empirically, previous reviews of flight simulation traeining literature
have noted that findings from one type of aircraft do not necessarily
generalize to other aircraft (Martin, 1981; Orlansky & String, 1977).
Findings reported here support this view,

In addition to aircraft type, 1t was expected that different types of
experiments would produce dissimilar training outcomes. Previous analyses of
experiments support the contention that experiments that compare simulator
training with no simulator training show different results, as & group, from
those experiments that compare motion-based simulators with no motion
simulators (Orlansky & String, 1977, Martin, 1981). Subgroup analysis done
for this research indicate that collapsing across these two types of
experiments is not meaningful,

PRELIMINARY ANALYSIS

Task Equipment

Prior to any other analysls, an analysis was performed examining whether
experiments wusing either jets or helicopters should he treated separately or
should be combined. This analysis was based on the meta-model which suggested
that the actual task equipment (an input variable) may affect the training
outcome. Appendix G presents the results of the subgroup analysis based on
aircraft type, Indicating a substantial difference bestween jot and helicopter
experiments. The percent unexplained variance for the combined (total) group
was .37, thereby exceeding the minimum .25 suggested by Pearlman et al.
(19801, _ The subgroup analysis revealed substantial differences betveen
the RPBs of jet and helicopter experiments. F¥ven when results were collapsed
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Table 2

Summary of Important Information for Experiments Included in the Meta-analysis

1.

Ryan et al.
(1972)/NTEC

Browing et al,
(1973)/TAEG

. Brictson &

Burger (1976)/
NTEC

. Payne et al.

(1976)/
Northrop Corp.

. Woodruff et al,

(1976) /AFHRL

. Browning et al.

(1977) /TAEG

. Gray & Fuller

(1977) /AFHRL

. Browning et al.
(1978) /TAEG

Total N Simulator/

author (yr)/Souxce Population (w Grps) Aircraft ~ Type Tagks. =

UPT grads. 124 (4)
(Navy]
UPT grads. 26 (2)
(Navy])

CAT 1 Flest 53 (2)
replacement
pllots/varied
experlence [Navy]
UPT; grads. 16 (2)
& additional
pllots with

varied experience

UPT grads. 16 (2)
(Air Force)

UPT grads. 34 (2)
[Navy]

UPT grads. 24 (3)
[Air Force]

UPT grads., 37 (2)

with advanced
flight training
(Navy]

2F90 (CFT)/
TA-4J

2F69D (OFT)
with 2C23A
(CFT)/P-3

(NCLT) /A-7E

(LAS-WAVS)/
F-4J

ASPT/T-37

2F87F (OFT)
compared to
2F69D (OFT)/
P-3

ASPT/F-5B

2F87F (OFT)/

Basic instrument maneu-
vers-B stage of advanced
jet phase training

Tasks related to 109
item proceduras/
systems checklist

Night carrier landings

8 air combat maneu-
vers

Total of 4 tasks from
basic to navigation

20 aircraft control
maneuvers

10, 15, & 30 degree
bomb delivery runs

22 tasks of varying
difficulty
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Table 2 (continued)

Weighted Mean Point Biserial
BReport # Training length  Regearch Statistics  Correlation (Mean N)

1. 15 total hours- Reported Z value, Sim._va. A/C only Trng.
8hrs emergency F-test using IP RPB(1) = .206 (63)
procedures, 7hrs check flight raw RPR(3) = .206 (63)
basic Lnatrument/ scores (Table 6,
navigation p. 16)

2. 9 total trials Reported P value Sim._ya. A/C only Trng.
lasting 8 wks, (<,05) and group REB(1) = ,354 (26)

6 in 2F69D & means (p.26) RPB(3) = ,354 (26)
3 in 2023A

3, Avg. of 80 trials Reported L-tests Full_vg. limited Sim. Trng.
(ball' control using IP ratings RPB(L) = .072 (144.67)
passes) & obj, perf, meas, RPB(2) = .065 (219.8)

~ (Table A-1, p.68) RPB(3) = .113 (50.75)
. 4, 6 triale, 1 hr Converted U values Sim._va. A/C only Trng.
y per trial to L values (Figs. REB(1) = .402 (16)
11-13, pp. 41,42,44, RPB(3) = .402 (16)
& text pp. 36-38)

3. Varied - mean # [F-tests calculated Sim.,_ya. A/C only Trng.

hours = 25.5 using raw hrs to REB(l) = .547 (16)
proficiency (Table 2, RPB(3) = .547 (16)
p.10) & IP ratings (p.l1l2)

6. 6 trials, 2hrs L-tests calculated Sim. . yva. A/C only Trng.

per trial using reported mean REB(1) = ,606 (34)

flights co proficiency RPB(3) = .606 (34)
(Table &4, p. 24)

7. 8 trials, lhr per Reported F-tests Motign vs. No-motion
trial . (p. 13) and Chi REB(L) .001 (16)
square values (.. 12) RPB(2) 017 (16)
RPB(3) 4 .046 (16)

8. 6 trials F-tests calculated Sim._vg. A/C only Trng.
from reported means RPB(1) = 598 (37)
(Table 4, p. 17) RPB(3) = .598 (37)
Note: EEE(I)-Overall; E;E(Q)-Oblﬁ_meas. only; EFE(3)-Subj. meas., only;
RPB(4)wInitial transfer; RPB(5)=Final transfer;
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Table 2 (econtinued)

Total N Simulator/
Author (yx)/Souxce Population (% Grps) Alrcrafc _ Type Tasks . _

9, & 10, Martin & UP trainees 24 (3) ASPT/T-37 7 basic flight control
Waag (1978a)/ with least maneuvers
AFHRL flight experience
[Air Force]

11, & 12, Martin & UPT grads. 36 (3) ASPT/T-37 8 aerobatic flight
Waag (1978b)/ [Alr Force] MAnNeuUvVers
AFHRL

13, & 14, Ryan et UPT'grads. 95 (4) 2F87F (OFT)/ 3 landing tasks

al. (1978)/TAEG [Navy] P-3 .
15, Nataupsky st UPT grads, 32 (4) ASPT/T-37 3 basic control

al., (1979)/ (Air Force] maneuvers

AFHRL
16. Reed & Reed Student 21 (3) Air refueling 10 tasks related to

(1979) /AFHRL pilots [Alr director lights air refueling

Force] trainer/F-4C &
KC-135

17, Martin & UP trainees 24 (3) ASPT/T-37 3 basic control

Catanso (1980) (13 were AF maneuvers

/AFHRL Academy grads.)

18. Plerce (1983) UPT grads, 40 (2) ASPT/A-10 5 basictcontrol
JAFHRL (Alr Force] maneuvers
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Table 2 (continued)

_ Weighted Mean Point Biserial
Reporc # Training Length _ Regaarch Statiscics . Correlation (Mean N)
9. & 10. 10 ctrials Reported f-tests Sim. vs. A/C only Trng.

(Table E3, p.38) & RPB(1)&(3) = ,552 (24)
calculated F-tests Mation vs. No-Motion

from IP ratings RPB(1)&(3) = .081 (1l4.7)
(APP, D1, pp.30-32) RBR(4) = .094 (l4)
RPB(5) = 069 (15.4)
11, & 12, 5 trials, Reported fL-tests Sim._va. A/C only Trng.

5.5 total hrs. (Table D3, pp. 29-30) REB(1) = ,130 (36)
REB(2) = .023 (36)

RPB(3) = ,248 (36)

Motion vs. No-motion

BEB(l) = ,101 (24)

RER(2) = ,201 (24)

RPB(3) = -,01 (24)

: 13, & 14, 6 trials B value (<.08), Sim. va. A/C only Trng.
(p. 12 - group C-3 RPB(1)&(2) = ,383 (29)
. vs. E) Mation va., No-motion
RPB(1)&(2) = -,297 (50)
13, 4 trials Reported F-tests Mation va, No-motion
(Table 9, p. 1l4) RPB(LI&(3) = ,138 (30)
RPB(2) = ,112 (30)
16, 1 hour F-teat calculated Sim,_vs. A/C only Trng.
from raw IP ratings RER(1l) = ,141 (21)
(Table 3, p. 19) RPB(2) = .072 (21)

RPB(3) = .211 (21)
BER(4) = .444 (21)

RPB(5) = -.304 (21)
17. 3 trials - Reported f-tests Sim. vs. A/C only Trng.
1 hr per trial (Table 9, p. 18) RPB(1)&(3) = .301 (23)

RRR(4) = .265 (23)
RPB(5) = ,329 (23)

18, 5 trials - total Reported [-tests Sim_vs. A/C only Trng.
: (Tables C-3 to C-6, RPR(L) = 1,3% (40)
pp. 30-35) RPB(2) =, .095 (40)

RPB(3) ='.148 (40)

Neote: EEE(I)-Ovnrall: EFE(2)-Ob1*_monl. only; EFE(S)-SubJ. meas. only;
RPB(4)=Initial transfer; RPB(5)wFinal transfer;
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Table 2 (continued)

Total N Simulator/
Author (yr)/Source Population (w Grps) Alxcrafc  Type Taskas

19, Westra et al, Students 126 (2) VIRS/T-2C Carrier qualification
(1986)/NTSC " entering FCLP landings & field
phase of trng. carrier landing
practice (FCLP)

20, & 21, Caro Warrant Officer 132 (4) Whirlymite Basic contact flight

& Isley (1966) in 4 week rotary helicopter maneuvers
/HuUmRRO wing course [Army] trainer/OH-23D
22, Holman Student pilota 59 (2) Helicopter 32 control tasks, basic
(1979) /AR1 (Army] flight sim,/ and advanced
CH=47

23, & 24, lsley Student pilots 145 (3) I-CA-I/TH-13T 4 tactical instrument

et al, (1968)/ (instrument phase) flight mansuvers

HumRRO [Army)

25, McDaniel et UPT grads. 26 (2) 2r64c (OFT) 9 flight control
al. (1983)/ [Navy) & 2C44 (CPT)/ maneuvers

SH-3H (Sea King)

26, Caro et al. CAT I UPT 22 (2) LCCPT & 2C44 19 tasks common to hoth
(1984 ) /NTEC grads [Navy] (CPT)/S8H-3H simulators
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Table 2 (continued)

Waeighted Mean Point Biserial
Report w Training Length _Reseaxch Statiscics  cCorrelation (Mean N)

19, Study variable, Reported F-tests REPR(1) = 113 (126)
20, 40, or 60 (Tables 10, 12, & RBB(2) = ,162 (126)
trials 14, pp. 26, 40, & 43) RPR(3) = .014 (126)

RPB(4) = ,133 (126)

20, & 21. Study variable, L-tests calculated Sim. vs. A/C only Trng.
either 3 or 7hrs from IP ratings & RPB(1),(3),&(4)=.033(45)
total flight time __Limited va, Full Trng.
(Tables 2 & 5, pp. RPB(L),(3),&(4)=-,001(51,33)

42-43)
22, Minimum lhr for Reported g-tests & Sim. vs, A/C enly Trng.
basic tasks & 15 caloulated F-tests RPR(L)&(3) = ,076 (59.5)
hrs for advanced from raw scores RPB(S) = .07? (61)

23. & 24, Study variable, L-tests calculated Sip. .vs. A/C only Trng.

either 10 or 20 from reported IP REB(l) = -.028. (65.71)

hrs - total 8 ratings & error rates REB(2) = -.099 (40.5)

wveeks (Tables 6, 7, & 9, RBR(3) = -,021 (69.92)
pp. 13-18) RPB(4) = .016 (89.5)

Limited vs, Full Trng.
RPB(1l) = -,027 (56.17)
RBB(2) = -.061 (39)
RPB(3) = -,022 (59.6)
RPB(4) = 0.0 (63)

25, 12 crials, 1 hr, Reported correlation S§im. vs. A/C only Trng.
45 mins. per coefficients (Tables RPB(1)&(3) = 208 (25.5)
trial 6 & 12, pp.26 & 32) &

F-tests calculated from
mean trials to prof.
(Tables 5 & 11, pp.25 & 31)

26. 6 trials, 2.5  Reported f-tests Low vs. High Fidelfty
hrs per trial (Table C-1, p.48) Simulation Training
REB(1)&(3) = .314 (20)

Neote: EEE(I)-Ovorall; EFE(Z)-Obl*_mean. only; EFE(3)-SubJ. meas. only;
RPB(4)=Initial transfer; RPB(5)=Final transfer;
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Table 3 /

Breakdown of Simulator Training Experiments Based on
Alrcraft Type and Experiment Type

Breakdown Variable

Combined
Croup Alrcraft type Experiment type
(Al) Simulator va, Alrcraft-Only
Training
(Nwl0 / RPB= ,26)
(A)
Jet
Experiments (A2) Motion vs. No Motlon
(N=19 / RPB= ,15) (N=5 / RPB= -,05)
(A3) Other ’
(Nwt / RPB= ,19)
All
Experiments
(N=26 / RPBw= .13)
(Bl) Simulator vs. Atfrcraft-Only
Training
(B) (N=3 / RBB= .02)
Hellcopter
Experliments (B2) Motlion vs. No Motlon
(N=7 / RPB= .04) (Nwl / RPB= N/A)

(B3) Other

(N=3 / RPB= .04)

Note. "N" rafers to the number of experiments at each level of breuakdown
variable. RPB ls the weighted mean point blserial corrvelatlion
coefficlent computed for a specific breakdown 1level. N/A indicatey
insufficient number of experiments tu compute a RPB. ‘
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across experimant type, there remained stark differences between jets and
helicopters (RPBs equal .15 and .04, respectively). In Table 3, (A) versus
(B) denotes this comparison, A more valid comparison, and the one used for
the subgroup analysis, involved contrasting results from similar_experiments
for each type of aircraft, This contrast is even more pronounced (RPBs are .26
and .02 for jet and helicopter experiments; see Table 3, (Al) versus (Bl)).
In addition, there was a reduction of the "true" variance for jet experiments
(,011) and helicopter experiments (0.00) compared to the variance of the total
group (.015),

The correlational and subgroup analyses for helicopters were not
conducted due to the paucity of useable experiments. The remainder of the
findings from the meta-analysls are reported below, These findings pertain to
jet experiments only,

Rassazch Obiectives

To test whether all experiments involving jets should be viewed together
or separately, a second analysis was performed, based on the stated research
goals. This analysis was oconducted to assure that experiments that ave
dissimilar in important ways were not combined to provide meaningless
rvesults, The results of this analysis are presented in Appendix H. It was
found that experiments comparing simulator and aircraft-only training appear
to be substantially different from those that investigata the effectiveness of
simulator motion in training (note differences in RPBs for (Al) and (A2)
subgroups in Table 3). The four remaining experiments ("other" category)
could not logically be combined with either of the other two types of jet
axperiments, and no further analyses ocould bs performed with them. These
four experimsnts include: 1) two that compare full simulator training versus
limiced training (Brictson & Burger, 1976; Plerce, 1983); 2) one that
compares training using an older and supposedly lower fidelity simulator with
a nower, higher fidelity simulator (Browning, Ryan, Scott & Smode, 1977); and,
3) one that compares the combined use of a cockpit familiarization trainer
(CFT, and an operational flight trainer (OFT) with the OFT alone (Browning,
Ryan & Scott, 1973),

In  summary, initial analyses of research data demonstrate that task
equipment does have an effect on trailning outcomes, and supports the
separation of simulator training outcomes acroas different aircraft types.
Thev also support the separation of training results from experiments that
differ substantially in design characteristics.

Frequencies and Mean Values

Frequancy data for experiments involving jets provide useful Information
about  the research domain (see Appendix D tor frequencies of individual
ruspunise categorles). All experiments in this analysls luvolving jJers were
reported in technical reports, and most experiments (N=10) compared siwulator
versus alvrcraft-only trained groups, Five others compared subjects trained on
a simulator with the motion system turned on, with subjects tralned with the
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motion turned off, With the exception of two experiments, all subjects were
current UPT trainees or were recent UPT graduates,

As to simulator design features (part of throughput in the meta-model,
page 19), most experiments reviewed here were performed using whole task
trainers with a computer generated image (CGI) aystem and a motion system
having betwesn one and six degrees of freedom (DOF). Fileld of view was
reported in some experiments, with little variation. G-ssats wers used
infrequently and use of G-suits was reported in only a few experiments. All
experiments used subjective measures, tied directly or indirectly to
instructor pilot ratings, although only one reported intra-rater reliability
astimates. Less than a third explicitly reported information that would allow
measursment of initial or final transfer performance.

SIMULATOR TRAINING: JETS
Genexal Findings:  Simulatex va No Simulatox

Table 4 presents RPBs, mean percont ncgative research statistic values,
and tgtal number of experiments for the five result classification categories.
The RPB reported in the "overall effesct size" ocategory (equal ¢to ,26) is
identical to the "simulator versus aircraft-only training" category presented
in Table 3 (level Al), Thaese data indicats that experiments using objective
measures reported smaller training outcomes than those using gubjective
measures (Table 4, (2) wversus (3)). The data also show that the RPB for the
initial transfer trial was noticeably pgreater than for the £inal transfer
trial ((4) versus (5)), although the data should ba viewed with caution due to
the small number of experiments used to calculate thess values., Finally, the
low mean percent negative values show_that the majority of the ressarch
statistics used to calculate individual RPBs were positive, This indicates a
consistent training effect across the performance measures used.

In accordance with suggested guldelines for reporting results of
meta-analytic reviews (Wolf, 1986, pp._9:65), 95 percent confidence intervals
(Cls) ware calculated for important RPB valuea. Thess wvalues, along with
relevant statistical information, are presentad in Appendix I. For Table 4,
only the final transfer category incorporated a value of zero within the
stated CI parameters indicating that the effect may not be very strong.

»  The original code sheet contained
both continuous and discrete response categories for describing ressarch
characteristics, These were reduced to four ocontinuous and six
discrete response categories based on frequencies and correlational analysis.
These ten research characteristics were used during subsequent analysis. Item
and response category reduction is described below,

Responss  catsgories having zero frequency were eliminated. When
possible, response categories were combined to allow for meaningful
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Table 4

Weighted Mean Point Biserial Correlation Coefficients, Mean Percent
Negative Research Statistics, and Number of Experiments by Result
Classification Category

Sinulator vexsus AlrcrafS-Only Training CJEIS)
Dependent Variable

Result Mean Percent
Classification —_— Negative
Category RPB Research Statistics N
(1) Overall effact size .26 8.1 10
(2) Objective measures
only 12 1.7 5
(3) Subjective measures
only .25 10.5 10
(4) Initial transfer
trial 19 0.0 3
(5) Final cransfer
trial .03 25,0 2

Note. RPB refers to the weighted mean point biserial correlation
coefficient and N refers_to the total nymber of experiments used when
calculating aa individual RPB, Also, the RPB reported for clascification
category (1) collapses across transfer trial and measurement type.

interpretation. For  example, two responss categoriss under "subject
assignment" (use of matching and the combined use of matching and random
assignment) were merged into a single category to diractly assesms the use of
matching prior to subject assignment (Table 5). All continuous items were
analyzed using correlational analyses only. .

There were five result classification categories for RPB measures (see
Table 4, (L)-(3)). Corralational and subgroup analyses were performed
using only the ‘"overall" RPB measure (category 1), since this measure was
calculated for all experiments. Furthermore, the percent negative research
statistic measure was used only for correlational analysis for two reasons: 1)
it is an indirect measure of training effecti{veness; and 2) subgroup analysis
using this measure is inappropriate. As a ratio of statlstical values within
a glven expariment, it precludes the use of appropriate meta-analvtic
procedures, such as attaching weights (number of subjects) to individual
experiment outcome values., Thus, caleculation of a welghted mean value acrosus
expariments is not possible,
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Table 5

Correlations Between Research Characteristics and Dependent Variables .

Dependent Variables

Percent Negative

- — Research
i Research Characteristic RPB Statiscics
(1) Use of matching prior to 576 ,018
subject assignment (10) (10)
p=.041 p=.480
(2) Use of CGI visiual system -, 391 258
(7) (7)
p=.193 pm=, 288
(3)*Tota1 FOV of visual system ,123 -.055
(9) (9)
P'5376 p-.&aa
(A)*DOF of motion system 677 «, 185
(10) (10)
p=.016 p=.305
(5) Unse of G-seat , 202 -, 227
(8) (8)
p=.315 p=. 294
(6) Use of whole-task simulator 593 131
(10) (10)
p=.035 p=.359
(7) Use of proficlency-basad ,639 -.331
training (9) (9)
. p=.032 p=.192
(8) Having both objective and -, 772 094
subjective dependent (10) (10)
measulres p=, 004 p=-. 398
(9)*Numbar training hours 702 -.24)
(9) (9)
p=-.018 p=. 265
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Table 5 (continued)

(10) “Number training trials 420 347
(3) (5)
p=.241 p. 283

* 4indicates variables are continuous,

NOTE. RPB is weighted mean point biserial correlation coefficient., Number in
parenthesis 1s the number of experiments used to calculate Pearson
correlation coefficient, BOLD print indicates corrslation coefficlent
has p<.05,

. Qorrelations. Correlations were computed between individual research
characteristics and between research characteristics and the two depandent
variables (RPBs and percent negative research statistics)., Table 5 presents
correlations between the ten research characteristics and the two primary
dependent measures,

The correlation between RPB and percent nugative research statistic
values 1ia negative (gr= -.47, p=.087), This negative relationship was
expected, since RPBs for individual experiments would tend to be higher when
fewer negative research scatistics were included in the effect size
calculation, It follows that the correlations between individual research
characteristics and the two dependent measures would take on opposite values,
This pattern was not observed for three of the ten research characteristics
(see Table 5, numbers (1), (6), and (10)) and is important as a criterion
for determining valid moderator variables.

Intercorrelations among research characteristics from experiments
included in the meta-analysis are presented in Appendix K, The nature and
pattgrn of these may influence correlations betwsen research characteristics
and RPB measures reported in Table 5,

Examination of intercorrelations among the research characteristics is
useful for understanding the relationship betwsen these characteristics and
measures of training outcomes reported here. In particular, use of objective
and subjective measures when calculating training outcomes appears to be an
important factor mediating the observed relationship between RPB values and

several research characteristics, In addition, research variables that are
indicative of the strength of training, such as number of training
hours, the number of training trials, and use of proficiency-basgd criteria

for learner advancement, were found to be positively related to RPB values,
The vrelationship between research characteristics and training outcomes is
explored further in the next section using subgroup analyses.

The six discrete research characteristics were included in the subgroup
analyses lnvolving jet experiments. The purpose of these analyses were
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twofold. First, they provided statistlcally rigorous tests for determining
which research characteristics were moderator variables; second, they provided
valuable informaticn about the magnitude of the relationship between research
characteristics and training cutcomes.

Four of the six discrete research characteristics had subgroupings formed
by partitioning experiments into those incorporating the characteristic ("yes"
grouping) and those not incorporating it ("no" grouping). The procedure for
conductirg subgtoup analysis with these variables was 1identical to that
presented in the overview section described earlier (see Hunter et al., 1982),
with one exception. That is, a valid moderator should exhibit a reduction in
the "true" variance for the "yes" group, relative to that of the whole group.
The "no" group may or may not exhiblit a reduced variance, since experiments
falling into this category could be heterogeneous in nature, This particular
procedural variation was used by Dickinson et al., (1986, p. 38) in tho.r
meta-analytic review of work ©performance ratings., The two research
characteristics not involving a yes/no dichotomy required a reduction of
variance for each of the response categories., They are the use of blocked or
proficiency-based training, and the use of a whole or part-task simulator. To
summarize, the criteria for determining if a research characteristic was a
valid moderator were: .1) the variable produced correlations with the two
dependent measures having opposite signs (see Table 5); and 2) the subgroup
analysis produced a reduction in the "true" variance for individual subgroups
relative to the that of the whole group.

Results of the subgroup analysis are presented in Appendix J. Two
discrete research character.stics failed to meet the first criterion stated
above: namely, use of matching prior to group assignment and use of a whole or
part-task simulator. 1In addition, only one of the ten experiments reported
using a G-seat, thus precluding subgroup analysis for this variable.

Input Varjables

Task Requirements. Since it has been suggested that simulator training
works better for some tasks than others (Orlausky & String, 1977; Semple,
Hennessy, Sanders, Cross, Beith & McCauley, 1981), a grouping of experiments
by task type was made. Appendix L presents results of the subgroup analysis
based on three tasks: takeoffs, approaches, and landings. These tasks were
chosen because relevant statistical informaiion about each task was presented
in three separate reports. Analysls based un task type was not performed
because requisite task-specific informatlon was not included in most reports,

The results of the subgroup gnalysis for tasks indicated a substantlal
fmprovement of training outcome (RFB) measures for these three tasks relative
to that of average simulator training outcomes (RPBs equal .65, .64, and .57
for takeoffs, approaches, and landings, respectively). It is lmportant to
note that these results are based on information from three experiments and
that only the approach (to landing) task realized variance reduction relative
to the whole group. In addition, there was considerable wvariance left
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unaccounted (greater than 40 percent) for both takeoff and landing tasks,
thus, leaving open the question of potential moderator variables for these
tasks,

Differences between trainees were rarely
studied, Flight experience received mention in some experiments as a possible

variable, but, there was insufficient information on any trainee
characteristics to perform an analysis,
Throughput Variables

Simulator Degign. Subgroup analysis indicated that use of a CGI visual
system was not a valid moderator variable, since separating experiments

according to this feature did not produce a reduction in the true variance in
accordance with the prescribed criterion., Both correlational and subgroup
analysis Indicated_ghat use of a CGI visual system may produce below average
training outcomes (RPBs are .20 and .26 for jet experiments using a CGI visual
system and for jet experiments overall, respectively), The effacts of using a
G-seat or G-sult were not conclusive, since only one experiment reported using
a G-seat, and use of G-sults was not addressed by most experiments. Training
differences based on the use of a whole or part-task simulator could not be
determined, since only two experiments used a part-task simulator for
training.

Table 6 presents RPB values and mean percent negative research statistics
for motion experiments. Differences can be found by comparing these results
with experiments investigating simulator training per se, desgribed in the
previous section (seo Table 4). First, as noted before, the RPB value for
motion-based experiments (-.05) was substantially different from that reporfaed
for simulator versus aircraft training experiments (.26). The negative RPB
value implies that motion-based training may be detrimental to training
outcomes, compared to fixed-base simulator training. This result was also
reflected In percent negative research statistic values (.08 versus .44 for
gimulator tralning and motion experiments, respectively).

In summary, these data support previous research indicating that use of
motion simulation for jets does not consistently produce pgreater training
outcomes relative to simulator tralning without motion (Martin, 1981; Orlansky
& String, 1977). Over 40 percent of research statistics comparing simulator
training with and without motion favor training without motion (see Table 6).

Ixsinipg Context. The type of training, proficiency or blocked, was
demonstrated to have a moderating effect on the training results, Experiments
that incorporated a proficlency criterion for advancing trainees produced
coasistent, sizable 1improvements 1in training outcomes compared to those
ipgorporating blocked training, and compared to overall jet trainiag outcomes
(RPBs are .54, .21, and .26, respectively). This result was supported by
correlational analysis,
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Table 6

Weighted Mean Point Biserial Correlation Coefficients, Mean Percent
Negative Research Statisties, and Number of Experiments by Result
Classification Category

Motion versus No Motion Experiments (JETS)

Dependent Variable

Level of Research

Characteristic/ Mean Percent
Result Classification - Negative
Category RPB Research Statistics N
(1) Overall effect size -.05 44,0 5
(2) Objective measures

only ' 1 32.0 3
(3) Subjective measures.

only -.04 34,6 5
(4) Initial transfer

trial 12 16.5 2
(5) Final transfer

trial N/A N/A -

Note. RPB refers to welghted mean point bimerial correlation coefficient
and N referg to the total nugbar of experiments usad when calculating an
individual RPB, Also, the RPB reported for classification category (1)
collapses across transfer trial and measurement type.

—————

Experiments  incorporating both objective and subjective evaluation
reported training outcomes of lower magnitude than those using only subjective
measures, _This relationship appearad to influence the observed correlation
between RPB values and several other research characteristics,

It was also expected that experiments having greater numbers of training
hours would_pgoduce higher training outcomes. The correlation for training
hours with RPB measures (r= .70) was positive and significant. It should be
noted that total training hours and total training trials were calculated by
collapsing acrcss all task boundaries within a given experiment. A more
meaningful measure would have been to calculate the average number of training
hours or trials per task, but information needed to calculate per-task
averages was not given in most experiments.
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DISCUSBSION AND CONCLUSIONS
OVERVIEW

Review of the aviation training effectiveness research clearly shows that
relatively few of the potential moderating variables have been incorporated
into flight simulation experiments. Some of these variables, espacially those
involving experiment quality, have a significant influence on how experimental
results are interpreted and may affect the magnitude of training outcomes
(see Appendix C). Of those variables that have been incorporated into this
research, this meta-analysis found several that have a clear moderating
effect on training transfer,

Sizable differences in the effectiveness of simulation training were
found between jets and helicopters. This section focuses on each of the topic
areas of the meta-model (Figure 1) used as the framework for developing the
code sheet, Important issues within each area are addressed, and results from
previous reviews are presented., This discussion alsoc provides a research
agenda which can be used both to gulde future research efforts in the flight
simulation training area, and to suggest ways of documenting efforts to
maximize their value for future meta-analytic reviews.

INPUT VARIABLES
Iask Equipment

Not all flight simulators and training systems incorporating these
simulators are the same. That this dissimilarity aextends to the training
effectiveness of the simulators is supported by the results presented here. In
particular, there are dramatic differences in both the magnitude and pattern
of training outcomes for jet and helicopter simulator training systems. For
jets, simulator training outcomes have been consistent and positive. That is,
comparisons between pilots trained in the aircraft only, and those traineg on
a simulator and the aircraft, consistently favored the latter group (RPB=
.26). This pattern 1s true across a variety of task boundaries. For
helicopters, the accumulated differepncg between simulator and aircraft only
trained pllots was quite small (RPB= ,02), Over 40 parcent of the
experimental comparisons favored the aircraft-only trained group (compared to
eight percent for jets). Experiments directly assessing use of simulator
motion 1indicated motion cuing did not improve training for jets (see Table 3,
A2). Results from the sole experiment included in this review assessing the
effects of motion cuing for helicopters (McDaniel et al., 1983) indicated that
certain helicopter tasks may benefit from motlon cues,

The observed differences in experimental results for these two alrcraft
types necessitated separate analysis and reporting of results of Jjet and
helicopter experiments. The 1limited number of helicopter experiments that
could be included 1in this review precluded any in-depth analysis aimed at
identifying moderator wvariables 1in this area. For these reusons, the
following discussion is confined to training involving jet aircraft, except
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where otherwise stated. The subject population targeted for this review was
novice jet pilots; specifically, recent Undergraduate Pilot Tralning (UPT)
graduates or current trainees, Thus, results of this meta-analysis are not
generalizable to transition pilots with prior jet experience or plilots having
extensive prior simulator experience.

Iask Requirements

Previous reviews (Orlansky & String, 1977; Semple et al., 198l)
suggested that certain "basic" aircraft control tasks (e.g., approach and
landing) appeared to transfer much better than more complex tasks (e.g.,
formation flight maneuvers)., Since no existing task taxonomy was appropriate
for the tasks in this domain, an attempt was made to develop task categories
based on difficulty ratings assigned to tasks by novice and experienced
pllots. Appendix M presants the rating form used to collect task difficulty
information for jet aircraft, This effort was only partially successful,
There are several factors that must be considered before task difficulty
information can be a useful metric, For example, task difficulty is relative,
so tasks trained early in the training program (e.g., descending turns) may
seem difficult until one attempts more complex tasks during a later training
phase¢ (e.g., carrier landings), Thus, only a few tasks were rated in a
consistent manner along a continuum ranging from "low" to "high" difficulty.

Individual research reports were examined for inclusion of the same task
or set of tasks, with training outcome gdata reported for individual tasks, to
allow for calculation of & cumulative RPB value for each task, Three tasks
were found that met these criteria: normal takeoffs, approaches, and landings
(excluding carrier landipngs). Cumulative RPB values were over two times
greater for these tasks (RPBs= .65, __ 64, and .57, respectively) relative to
the overall value for jet training (RPB= ,26).

These results underscore the need for reporting task-specific training
outcome information in future research efforts, Without the inclusion of such
data, as well as detalled information about simulator £idelity and
configuration parameters, future meta-analytic reviews will not be able to
quantify performance outcome tradeoffs for varying fidelity levels of
specified simulator subsystems.

Irainee Charscteristics

Student pillots bring with them into the learning environment different
aptitudes, abilities, and prior experlences. These factors can influence the
amount and rate of knowledge acquisition, retention, and transfer of training.
Tdaken together, these factors comprise what 1s commonly referred to as
individual diffevences.

In their review of individual differences within military training
environments, Hogan, Arneson, and Salas (1987) cite evidence suggesting that
individual difference factors may account £for a portlon of the variance
associated with simulator training outcomes. For example, Federico (1982)
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presented findings indicating that even when training programs incorporate
mastery-level criteria for advancing or terminating training, differences
between subjects' performance are still noticeable, Flammer (1976) reported
that mastery training did not reduce individual differences in learning time
within a given mastery unit (see also Arlin, 1984),

Motivation is an individual factor thought to have considerable influence
for both initial skill acquisition and for subsequent transfer to the
operational environment (AGARD Report, 1980)., The authors of the 1980 AGARD
report considered understanding and resolving motivational issues to ba the
key to maximizing training outcomes., Since motivation plays an important role
in current theories of learning (e.g., Bandura & Walters, 1963; Gagne', 1985;
Skinner, 1953) and instructional development (e.g., Dick & Carey, 1978), it
may be considered to influence all phases of simulator-based training, from
device design to evaluation of training performance. Motivational issues
include both the acceptance of the simulator as a valid training device, and
the design of training that involvas and challenges the student.

There im evidence that students may lose motivation after prolonged
simulator training simply because they would rather baegin training in the
aircraft (Pohlmann & Reed, 1978, p, 8). Despite the possible influence of
motivation, the flight training reseurch included wvery 1little pertinent
information about it, Formal assessment of instructor and student acceptance
of  a given simulator was rarely attempted (see e.g., Reed & Reed, 1979),
although anecdotal information was given in a few reports.

One other attempt was made to invescigate the effects of motivation
within training. Performance feedback, in the form of knowledge of results
(KOR), has been shown to have motivational properties (Kulhavey, 1977;
Kulhavey, White, Topp, Chan, & Adams, 1985), It was thought that differences
in how KOR was given, either instructor genarated, device generated, or a
combination of both, would influence performance outcomes. Unfortunately,
only three reports clearly specified how parformance feedback was given (Gray
& Fuller, 1977; Payne et al,, 1976; Westra, Lintern & Wightman, 1986). This
number was insufficient for meaningful analysis.

In general, researchers within the flight simulation training area have
treated individual differences between learners as a potential source of
error variance. Seven of the ten most common types of jet experiments
included 1in this review used a matching procedure to squate subjects prior to
group assignment. The matching wvariables used most frequently were overall
UPT scores and previous number of flight hours.

Uge of matching prior to subject assignment cotrelated positively with
both RPB and percent negative research statistic values (r's= .58 and .02,
respectively). However, since the pattern of results of the correlational
analysis for this variable did not conform to that prescribed for selecting
variables for additional (subgroup) analysis, it was eliminated as a potential
moderator variable, and no further analysis was done.
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THROUGHPUT VARIABLES
Simulatox Design

One of the goals of this analysis was to identify simulator fidelity
configuration parameters that optimize training outcomes. To accomplish this
goal, simulators were viewed in terms of individual subsystems, and when
possible, an attempt was made to evaluate separate components or design
features within a given subsystem, For example, the motion and force cuing
subsystem was separated into use of G-seat and DOF of the platform motion
apparatus. Similarly, evaluation of the visual image generation subsystem
involved separate analysls of FOV parameters as well as wuse of CCI
technology., At a more global level, analysis was performed based on whether
the slmulator was oconsideread a whole or part-task device. Lack of
variability in the reported use of other deuign features precluded any
attempts at analysis. These included use of G-suit force cuing, sound
simulation, "stick shakexr" system, instructional and environmental features,
as well as the type of procedure usad to validate the flight control
characteristics,

The gathering of information for analysis on fidelity of simulation was
hampered by two factors: the deficlency of detailed reporting of simulator
configuration parameters, and the lack of a validated taxonomy of flight
tasks. The latter compelled the assesament of fidelity information on a
task-by-task basis. Although several task taxonomies have been developed (see
e.g., Wheaton et al., 1976; Fleishman & Quaintance, 1984), none were found to
be appropriate for use in aviation tasks.

The findings reported here are only an initial step toward fulfilling the
goal of extracting empirically-based design guidance principles, because
detailed iInformation on the training device used is not routinely reported in
research reports. As a result, the level of analysls possible from available
information may be too global to be of immediate use by engineers and other
simulator design speclalists.

Viaual Simulation. The only two wvariables used to evaluate visual
imaging systems wers total FOV of the system and use of CGI technology. A
more thorough evaluation such as determination of configuration requirements
would be more helpful but is not possible from the information available,
Neither total FOV nor the use of CGI technology was found to have a
moderating effect on training outcomes. This 1is consistent with findings
reported elsewhere (Semple et al., 198l; Woodruff, Smith, Fuller, & Weyer,
1976).

This result should not be taken to indicate that visual liaging is an
unimportant factor in simulator training., Recent surveys of engineers and
other training specialists, to determine human perception and performance
information needed when making design decisions, found visual and motion
sir \lat 1~ eus wera the two most frequently stated areas of need (Klein &
Brezovic, 1¥d47; Rouse, 1983). Additionally, the AGARD (1980) report
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concludad that ",.,, Wich few exceptions, the overwhalming finding has heen
that visual tasks learned in the simulator show positive transfer to the
aiveraft" (p. 9). Finally, visual imaging technology is far superior today to
that used to produce the visual systems of simulators used in this review,
For these reasons, continued evaluation of current training systems that
incorporate this technology is warranted.

. Considerable interest and attention has
been placed on the utility of simulator motion cuing for facilitating skill
acquisition and transfer, In general, results of this meta-analysis support
the previous reviews which indicate motion cuing adds little to the training
environment (Martin, 198l; Hays & Singer, 1989; Orlansky & String, 1977).
The cumulative effect size value across the five motion versug po-motion
experimants included in the meta-analysis was negative in value (RPB= .,09),
indicating that motion may detract from training, at least for some tasks.

These results are inconsistent with findings from a recenc review of the
flight simulation evaluation literature by Pfelffer and Horey (1987)., There
are several obvious differences betwesn the Pfeiffer and Horey (1987) review
and this review that help to explain these contradictory findings. First,
Pfleffer and Horey used as their research effuct size metric, a transfer
effectiveness ratio (see also Hays & Singer, 1989, pp. 133-134), This measure
is highly dependent on the length of training on the simulator. Second,
although their approach was described as "meta-analysis" (p. 15), they did not
incorporate commonly accepted meta-analytic methodology, such as welghting
individual research outcomes by thalr corresponding sample size, or providing
a detailed explanation describing thelr rationale for decisions/procedures
used, Finally, the comparative analysis upon which they concluded the
superiority of simulator training with motion ocuing involved use of a g-test
(p. 39). This statimtical procedure is not appropriate where the underlying
means and standard deviatlons were derived by collapsing across experiments
(not subjects), and thereby calls into question the nature of the distribution
upon which the critical value of the statistic is based,.

Evidence indicating that motion cuing adds little, or nothing, to the jet
simulator training environment cannot be considered definitive., There are two
important reasons for questioning these results, Flrst, calibration of
critical motion cuing system parameters (e.g., control input response times,
leg extension acceleration rates) was rarely attempted. Only one
motion-related experiment Included in this review reported results of
calibration tests prior to experimentation (McDaniel et al., 1983). Since a
similar :1ssessment was not done during or after the experiment, the
possibilicy of software or hardware failure during the course of the research
{s a cogent argument for training outcomes on certain tasks favoring the
nu-motion trained group. Incorporating appropriate methodologlcal procedures,
such as periodic calibration checks, {s crucial for producing unequlvocal
results in this area.

A second reason for questioning results of motion versus no-motion
experiments 1s due to the iInclusion of several training tasks in each
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experiment. It has been argued that motion effacts vary from task to task
depending on the primacy of motion cues for performing critical aspects of the
cask., Since reports often collapse acruss task boundaries when making
batween-group comparisons, possible specific effects from motion cuing may he
inadvertently masked. Generally, reports do not distinguish between the kinds
of motion provided,

Anothaer issue when considering motion was addressed by Gundry (1976) who

distingulshed between maneuver motion and disturbance motion, the former
resulting from airecraft control inputs of the pilot and the latter from
environmental conditions, such as weather turbulence or mechanical

malfunetion, GQundry reasoned that, whereas providitg motion cues related to
disturbance would benefit simulator training, incorporating maneuver motion
cues would not (see also Martin, 1981; DeBerg, McFarland, & Showalter, 1976).
Information on the type of motion used in experiments was not reported, so the
difference could not be evaluated,

In contrast to motion experimints involving jets, a similar experiment
using heliggpters (McDanlel et al., 1983) produced a positive overall training
outcome (RPBw ,21). This result must be tempered by the fact that information
from a single oxperiment was used to derive the cumulated RPB metric and
methodological problems cited above apply to this experiment., In this regard,
a close examination of experimental outcomes from the McDaniel et al)., (1983)
experimaut iIndicates noticeable differences in the direction of training
outcomes for certuln tasks, Specifically, positive tralning outcomes (i.e.,
instances where the motion group outperformed the no-motion group) were
realized on three tusks: Alrcraft Sgablization Equipment (ASE) off, free-
stream recovery, and coupled hover (RPBse ,19, .37, and .45, respectively).
For all other tasks, including takeoffs, approaches, and landings, motion
culng was assoclated with negative training outcomes. This pattern of results
indicates that motion suing may ald only certain training tasks. Results from
additional sexperiments of this kind must be added to these before conclusions
coticerning task-specific motion effects can be made with any degree of
confidence.

Izaining donuexs

Some previous reviews of the flight simulation area have stressed that a
systems approach be taken whert evaluating simulation training (AGARD Report,
1980: Hays & Singaer, 1989; Rose, Wheaton & Yates, 1985; Semple et al., 1981;
Wheaton et al., 1976). According to the systems approach, the simulator ls
never a stand-alone item being evaluated, but must be considered along with
other relevant features of the tralning milieu, such as curricula, scheduling,
staffing, and the use of specific training procedures. The AGARD (1980)
report concluded that, "...how the device is wused can influence 1its
effectiveness to an equal or greater extent" relative to that expected by
appropriately matching the simulator to task parametets (p. 9.
Unfurtunately, the accumulated research ylelded little date on this lssue,
This meta-analysls provided information on only two areas within the trafning
context: training type and performance measurement.
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. Use of training procedures that accommodated individual
learner needs, such as those associated with proficiency-based training, were
found to bg more effective than procedures which allocated a fixed amount of
training (RPBs were .54 and .21, respsctively). The latter training is
commonly referred to as blocked, lock-step, or fixed time/trials training. The
results of both corrslational and subgroup analysis reportsd hers clearly
indicate that proficiency training resulted in greater training transfer to
the operational environment than transfer f£rom blocked training.

Rexformance. Measurenmant. The majority of research has used instructor
ratings to measure transfer performance., Despite wide use of these ratings,
problems associated with their use were mentioned in several reports; no
inter rater reliability estimates were reported, and intra-rater reliability
estimates were reported in only one aexperiment (Westra, Lintern, Sheppard,
Thomley, Mauk, Wightman, & Chambers 1986, p. 4/). The widespread occurtence
of omitting inter- and intra-rater reliability information is problenatic,
since true differences in performancy cannot be inferred unless the measures
used to rate the performance are reliable (Cook and Campbell, 1979).

Objective measures of differsnces 1in pilot performance dus to training
variables were consistontly lowsr than subjective measures. This finding is
opposite to that reported by Semple et al, (1981, pp. 31.32), This
discrepancy is due to differences in how the two reports discriminated hetween
subjective and objective measures, and to the inclusion of different research
reports In the two analyses. Trials-to-proficiency measures, when proficlency
is based on inatructor ratings, are considered subjective measures in this
report, In their raview, Semple st al. (1981) identified
trials-to-proficiency data reportad by Browning, Ryan, and Scott (1978) as
objective measures (see Browning et al., 1981, Tuble 4, p. 17). There is also
little overlap in the experiments included in the two reviuws, Of the flve
experiments included in the Semple et al., (1981) review, tliree were not
Ilncorporated into this meta-analytic review (see Appendix A).
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AGENDA FOR FUTURE RESEARCH IN THE PLIGHT SIMULATOR TRAINING AREA
OVERVIEW

A quantitative literature review should provide a summary of the
empirical findings and knowledge gaps where future ressarch efforts should
focus. It is apparent from this meta-analytic review that many important
flight simulator training factors have yet to be addressed in a systematic
fashion. The research agenda that follows is separated into the topic areas
used as a framework for this report, input variables and throughput variables,

INPUT VARIABLES
Iask Equipment

This meta-analysis has shown that there are major differences hecween jet
and helicopter training effects, Additional ressarch 1is nueded to further
specify these differences and determine the training methods that will provide
maximum effectiveness for each type of simulator,

Iaak Requiremants

Subgroup analysis reported here indicates that, simulator training does
not provide equal benefit to all aviation tasks., Detailed descriptions of
skillas needed to perform tasks within a given training program are available
(s¢o e.g., Payne et al,, 1976), yet these descriptions have not led to a valid
taxonomy for grouping aviation tasks,

As noted previously, research programs in this area would benefit greatly
Lf task categories (taxonomies) could be developed and validated, This would
allow generalization of results from single tasks to task groupings. The
search for.a valid taxonomy for aviation tasks is critical for avoiding costly
duplication of future remearch efforts, There appear tc bhe several reasons
wvhy aviation tasks are not readily classified into well defined groups. One
reason 1is that activities and skills needed to correctly perform the various
tasks differ conslderably. In many instances, psychomotor performance is
required in addition to cognitive decision-making skills, Another reason is
that as the student pilot acquires more flight hours and masters successive
tasks, his reliance on, and use of, various informational sources may shlfc,

Flelshman and Quaintance (1984) digcuses a number of " . .descriptive
schemes using behavior requirements as a basis for the classification of human
task performance" (p. 127). While several of these schemes appear sultable
for classifying aviation tasks, much work needs to be done before they can be
applied to aviation tasks with any degree of confidence, Validation of any
task classificetion system depends on availability of detalled performance
outcome information for individual tasks. For this reason, future simulator
training research should provide detailed training outcome information for
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individual tasks. This information will allow researchers to apply
appropriate statistical procedures (e.g., multivariate analysis) in order to
empirically validate task clusters,

The process requirsd to validate an aviation task taxonomy may take an
extended period. Research in other areas may offer short-term payoffs in
terms of empirically-derived training guidance. One area needing
investigation involves determining the simulator instructional features that
will improve training outcomes for specific aviation tasks,

Izaines Chazagteriatics

Within the flight simulation training domain, trainee characteristics
make up what are considered individual differences and are usually viewed as a
source of measurement error. Within experiments used in this review, most
equated subjects via matching variables (UPT scores or number of years
flying) prior to assigning them to either the experimental or control group.

In their vreview of individual differences in military training
environments, Hogan et al. (1987) ec¢ite evidence indicating that individual
learners bring with them into the training environment cognitive and
non-cognitive fastors that influance training outcomes. Training programs may
be customized to match individual learners in such areas as learning styles,

cognitive stracegies, and sensory modalities (Goodman, 1978). The underlying

assumption for designing customized training programs is that individual
learners vary in their .approach to understanding and remembering new
information, Since, for a given individual, preferred methods of learning are
thought to be linked to the leaarner’s interests, abilitles, aptitudes, and
motivations, training programs may facilitate or inhibit the learning process,
Thus, one area that needs attention is the development of useful methods for
determining a learner's cognitive and non-cognitive capabilities. Hogan et
al. (1986) review several measurement batteries useful for determining a
person’s learning style or cognitive abilities (see also Su, 1984),
Non-cognitive factors, such as personality, affective adjustment, or physical
ability, can also be used to predict training success and may be used in
addition to cognitive ability measures to enhance thelr predictive properties
(Hogan et al., 198b),

Individuals differ in the level of motivation they bring to training and
nlso in how well the training program can motivate them. One necessary arves
of research is how to promote acceptance of the simulator for training.

A second area of motivation investigation involves performance feedback
in the form of knowledge of resulcs (KOR). KOR may be generated by several

source# within the simulator training environment, ineluding the device
(e¢.p., hardcopy printout of flight maneuver elements) and the instructor
(e.g., verbal debrief)., Future research projects should investigate the

relative effects on training outcomes for each of these sources of KOR or the
combined use of these sources. In addition, timing and amount of information
inherent in the KOR have been found to {nfluence performance in the
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psychological and educational training literature (see Kulhavey, 1977,
Anderson, Kulhavey, & Andre, 1972) and should also be investigated. Even Lif
KOR is not manipulated within the experiment, detalled reporting of this
information 1in future research projects will allow subsequent meta-analytiic
reviews of this area to extract useful guidelines for obtaining optimal
training outcomes based vn this variable,

THROUGHPUT VARIABLES

Simulater Design

This review did not attempt a fine-grained analysis using simulator
configuration and fidelity levels. The primary reason for this was the lack
of detailed descriptions of the simulator configuration parameters in use
during experimentation, Results of experiments assessing the utility of
motion cuing for both jets and helicopters were questioned because they lackad
appropriate methodological controls, such as periodic calibration checks of
the motion cuing (hardware/software) components,

These limitations usuggest that several areas are in need of further
research, In all cases, close attention must he pald to experimental
methodology to insure that the results are free from potential competing
explanutions concerning the source of the observed experimental effects, and
reporting in detall about the simulators used in research must be encouraged.

Visual Simulation. Technological advances have made experimental results
from- early visual simulation virtually obsolete. Ressarch must be advanced,
particularly in determining cue requirements for low-level flight.

Interest remains high in how motion and
cuing affect training. Methodological considerations are espscially pertinent
for accurately assessing the effects of motion cuing on training outcomes,
Future research in this area should address the issue of task-upecific motion
effects. Detailed reporting of results for individual tasks within a given
experiment will provide critical information for determining what task or sets
of tasks benefit from motion/force cues. In addition, this information may
also be used to extrapolate to certain emergency situations which cannot be
trained in the aircraft for safety reasons.

Izaining Convext

Factors within the training domain may provide the highest payoffs for
improving training outcomss. Topic areas that are in need of investigation
include: training type and performance measurement,

Iraeining Tvypa. The general finding reported here Is that programs
incorporating a proficlency criterion during training are associated with
training outcomes approximately twice as large as those using blocked training
procedures. Given the mnature of military training, use of proficiency
criteria during training may not be feasible 1in all 1instances. There are
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training techniques that may partially substitute for proficiency basic
training. These techniques can be applied within a blocked training program
and may boost training outcomes.

For example, Bailey, et al., (1980) treported the use of a backward
chaining procedure to be quite effective when training a 30-degree dive-bomb
marieuver. This procedure involved breaking the maneuver into several steps,
such as final approach, roll-in, base leg, and downwind leg. Training then
proceeded 1in reverse order through the steps, thus giving the student ample
practice on what was considered the most critical part of the task (i.e., the
final task segment,. Thls procedure made use of an instructiona! feature
typically found on most full and many part-task simulators (i.e.,
initialization). Appropriate use of this procedure would require the
instructors to learn to use relevant instructional features in order to
implement the backward chaining procedure. In this regard, at least one
report has presented evidence indicating instructional features incorporated
within the simulator are rarely used (Gray, Chun, Warner, & Eubanks, 1981;
see also Tracey, 1984). This suggests that instructicnal features may need to

: be accompanied by an ombedded training program that demonstrates the
v application of relevant learning principles and procedures for each available
instructional feature,

In general, the challenge for researchers and training developers is to

devise training programs for instructors that will enhance training outcomes ;
for blocked training ©programs to a level equal to programs using .
\ proficiency-based criteria. A similar challenge was glven by Bloom (1984) to

training developers in the psychological and educational domains; thet is, to
devisa group training programs that will equal training outcomes expected when
training is on a one-on-one basis,

Psrformance Meagurement. A major problem with the research in this area
i{s cthe almost complete reliance on subjective instructor/pilot ratings.
Toward the goal of establishing improved subjective performance measures, the
veed to document inter-rater reliability information in experiments |is
required. Influential and far reaching decisions are being made based on the
effectiveness of simulator training, compared to sgimilar training in the
alreraft (see e.g., Orlansky & String, 1977). Given that the metric of
training effectiveness is regularly based on IP ratings, it is imperative that
these measures be reliable when used in an experiment, or at the very least,
that the wunreliability of these measures be factored into the decision
process.
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SUMMARY

For this review, issues within the flight simulator training domain were
separated into two major areas: input variables (task equipment, task
requirements, and trainee characteristics) and throughput variables (simulator
design and training context). These areas coincide with components of the
meta-model deplcted in Figure 1, whiech 1in turn were derived from previous
reviews of the aviation trainring domain., A primary goal of this review was to
identify variables that moderate the magnitude of gimulator training outcomes,
including spacific . design/fidelity features, from results of
transfer-oftraining (TOT) experiments in this area. Experiments were included
if they reported sufficiently detailed information to allow analysis involving
appropriate meta-analytic techniques. A second goal of this review was to
provide an agenda for future research to £ill information gaps derived from
results of the meta-analysis. Finally, guidelines describing information that
needs to be reported in future research publications were generated to aid
researchers 1in thils area. These guldelines are presen.ed in Appendix N, and
will help to ensure that results from future experiments can be used in
subsequent meta-analytic reviews,

Lack of detailed reporting of information concerning training methods,
simulator configuration, tidelity levels, and training tasks hampered detailed
analysis in these areas. Insufficient statistical information resulted in the
exclusion of a number of experiments,

The major findings of the meta-analysis are as follows:

Tesk Equipment

The outcomes of the experiments involving the training of jet pilots were
different from those Involving the training of helicopter pilots. Results
Aiffered in both size and pattern of training outcomes., Jet experiments
.onsistently found simulator training combined with aircraft training to be
better than training in the aircraft alone. The findings from similar
helicopter experiments were less consistent, and only slightly favored
simulator training combined with aircraft training over aircraft training
alone.

An insufficient number of helicopter experiments (total N=7) precluded
any 1in-depth analysis involving this type of aircraft. Therefore the results
of the meta-analysis are specific to jet aircraft training involving recent
Undergraduate Pilot Training (UPT) graduates or current trainees with little
or no experience in a simulator or in a jet aircraft.

For jets, the overall training effect for all tasks trained was positive
and robust. Over 90 percent of the experimental comparisons favored the
simulator and aircraft trained group over the aircraft-only trained

group. On the average, subjective performance measures (e.g., Instructor
ratings) were more sensitive to training effects, and produced greater results
than those obtained with objective measures (e.g., instrument readings). As
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training for both groups progressed and reached the point where it was
conducted solely in the aircraft, differences between the groups diminished.

Iask Requirements

Certain tasks ware more effectively trained in the simulator than others.
For jets, when simulators were used for the training of takeoff, approach (to
landing), and landing (excluding carrier landings) tasks, the training effects
were greater than they were for the combination of all tasks.

Izainse Chaxacteristics

Only two trainee characterlstics were identified as likely to have an
effect on training results, flight experience and UPT grades. These
differences in trainees were rarely studied. When there was concern that
these differences might affect training in any single experiment, an effort
was made to compose each of the trainee groups with equal amounts of
exparience or similar grades,

Simulatoxr Design

For jet training, motion cuing was found to add nothing to the simulator
training effectiveness, and in some cases, may have taken away from the
training value of the simulator, However, this finding may not be truly
representative of the effectiveness of motion-based training since: 1) there
was a lack of perlodic calibration of the motion cuing systems; and 2) the
results were based on all tasks combined. The positive effects of motion for
any one task may have been masked by the negative effects of motlon for
another task,

Iraining Context

The average effectiveness for training programs where trainees were
allowed to progress based on a demonstrated proficlency was greater than for
training programs where all trainces proceaded at the same pace. Information
on other aspects of the training context, such as the use of instructional
features and the provision of feedback was seldom reported and could not,
therefore, be analyzed,
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APPENDIX A

Experiments Excluded from the Meta-analyasis

REASON_FOR. EXCLUSION

AUTHOR. (YR)

Bailey, Hughes & Jones (1980)
Blersner (1976)
Billings, Gerke & Wick (1975)
Brictson & Briendenback (1981)
Browning, McDaniel & Scott (1982)
Burger & Bricteson (1976)
Caro, Isley & Jolley (1973)
Caro, Isley & Jolley (1975)
Crawford, Hurlock, Padilla &
Sassano (1976)
Crosby (1977)
Demaree, Norman & Matheney (1965)
Edwards, Weyer & Smith (1979)
Ellis, lowes, Matheney &
Norman (1968)
Hagin, Duvall & Smith (1979)
Ince, Williges & Roscoe (1975)
Irish & Buckland (1978)
Jacobs & Romcos (1975)
Jacobs, Williges & Roscoe (1973)
Koonce (1979)
Krahenbuhl, Marett & Reid (1978)
Lintern (1980)
-Prather, Berry & Jones (1971)
Povenmire & Roscoe (1971)
Prophet & Boyd (1970)
Reicher, Davidson, Hawkins &
Osgood (1980)
Reid & Cyruas (1974)
Reid & Cyrus (1977)
Roscoe & Williges (1975)
Ruocco, Vitala & Banfari (1965)
Ryan, Scott & Browning (1978)
Thorpe, Varnesey, McFadden,
Lemaster & Short (1978)

Smith, Pence, Queen & Wulfek (1974)

Woodruff & Smith (1974)

Woodruff, Smith, Fuller &
Weyer (1976)

Woodruff, Smith & Harris (1974)

Young, Jensen & Treichel (1973)

A-1

No Transfer
No Transfer
No Training

Insufficlient Statistics
Insufficient Statistics
No Training or Transfer
Insufficient Statistics
Insufficlent Statistics

No Transfer
No Trangfer

No Training or Transfer

No Transfer

No Training or Transfer
Insuficlent Statistics

No Transfer

No Training or Transfer

Not Appropriate Statistics

No Transfer
Insufficient

Statistics

Inappropriate Measures
Fixed Wing Not Jet

Nu Transfer
Insufficient
Insufficient

Insufficient
Insufficient
Insufficient
No Training
No Tranafer
Insufficlent

Insufficient
No Transfer
Insufficient

Ingufficient
Insufficient
Insufficient

Statistics
Statistics

Statistics
Statistics
Statistics
Statistics
Statistics
Statistics
Statistics

Statistics
Statistics
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APPENDIX B
PRELIMINARY CODE SHEET WITH DESCRIPTION OF AREA TOPICS

HELIOOPTER EXPERIMENTAL COMPARISON:
oV, Simulator Tralning vs. Alrcralt-only Training
JET 2 Motion vs, No Motion
(sifale ane) _ 0. Limited va. Full Amount of Simulator Training

e 4, Other Compariscn (describe)

sTubY D w — OODERID: ____.
DEVIOR NAME: AIRCRART:

1. REPORTRD
STATISTIO
VALUR(®)

2. OORRR
VALURS:
MEANS, 80's,
aNs

Identitylng Information:
dep. measure, grovp
comparisons, e,

Qudy Subject Tralning Length/ Task(s)
Charactaristios Characteristics Criteria Trained
1, Sub). asaignment | 1, Bervige branch 1. Total number 1. Total number
hourmriale taska
2. Use of maiching 2, Prior experience
2 Criterla for 2. Task clsssifioation
3, 8tudy ovmpari advanosment (If applicable)
sons
2, Rating system 3. Task hames by
4, Dep, measura(s) vesd clasatfication
(it applicable)
8. Type of statisiics 4. Inter-tater
reported reliabiliy

COMMENTS/PROBLEMS:

1. Dasign leatures, such as counterbalancing IP-student pairings for trining and assessment, and IP's blind to
group assignment during evaluation phase.

2. Any Irregularities that would affect internal or externa! validity of study results.

e
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APPENDIX C
ITEMS DELETED FROM FINAL CODE SHEET DUE TO LACK OF
INFORMATION/VARIABILITY IN AIRCRAFT SIMULATOR
TRAINING EXPERIMENTS BY CODING AREA
What was the instructor-student ratio?

What -was the Instructor's reported level of acceptance for use of
simulator as a training device?

What was the student’s reported level of acceptance for use of simulator
as a training device?

To what extent did training incorporate ISD principles and procedures?

Was Kkriowledge of results (KOR) given to student?

If KOR was given, in what form was it given (i.e., system versus
. instructor genarated, ete.)? :

Was there any attempt to trangition students from simulator to alrcraft?
Were IPs trained to use instructional features of simulator?

Were any part-task training methods employed in conjunction with
simulator training features?

Simulator Fidelity Characteristics

Motion system:
*a) Was a stick shaker or buffet system used?

Sound system:
*a) Was there any sound simulation used?

Cockpit display and flight control characteristics:
*a) Was cockpit (instrumentation/controls) PHYSINALLY similar to the
transfer alreraftc?

*b) Does instrumentation/controls FUNCTIONALLY reprecsaat that in
transfer alrcrafe?




Technical Report 89-006

*c) Was joystick "feel" similar to that of aircraft?

b) Were the simulator flight characteristics validated using actual
alrcraft data?

Training features:
a) What special environmental features were used?

b) What special training features were usec?
% Indicates ltem excluded due to lack of variability in experiments used

in analyses; all others ware excluded due to lack of information (l.e., not
stated in veport).

‘Trainee Characteristics and Study Design

Was a covariate used to reduce error variance in performance measures?

If a covariate was used; was 1Lt cognitive or non-éognitive (a.g.,
personality assessment, physical ability, etc.) in nature?

For traloning, .were instructor pilot (1P)-subject palrings
counterbalanced? . _

For assessment, were IP-subject palrings counterbalanced?
Were IP'a blind to type training given students?

If 1IP ratings ware used to assess student performance, vhat was the
reported inter-rater reliability estimate?

If IP ratings were used, what was the reported intra-rater reliability
astimate?

* How did the study assess student's prior flight experience (paperpencil
test, UPT grades, background check, etc.)?

To what extent was the training program the same across treatments?

* Indicates item excluded due to lack of variability in experiments used
in analyses; all others werve excluded due to lack of informatlion (i.e., not
stated in report).

c-2
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APPENDIX D

CODE SHEET WITH RESEARCH FREQUENCIES FOR RESPONSE
CATEGORJES AND MEANS FOR CONTINUOUS ITEMS

An asterisk (*) on an item indicates that an experiment may be coded in
more than one category on that item,

RESEARCH IDENTIFICATION

1. Expuriment ID »: __ N/A

2, Coder ID #: __ _N/A

3. Date of publication:__ N/

4. Publication Source:
0  Book 0 Dissectacion
0 __ Journal 0O __ Paper Presentation
19 . Technicul Report _ Q _ Unpublished Manuscript

0 _ Other (describe)

SIMULATOR/AIRCRAFT INFOEMATION

5, Simulator name/identificacion codu: N/ZA

6. Alrcraft name/identification code: N/A

7. Subject assignment to groups was:
.9 Random Only 10  tiatchiag Only
3 _ Neilther —1 ‘nstated/Unclear
8. Subjects were:
.8 _ Recent Undergraduate Pilot Training (UPT) Graduates

Q Experienced Pllots Transitioning to New Aircraft

{__ Mixed - Having Both High And Low Expaerienced Pilots
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—~—2._ Other (describe) UP TRAINEES (N-6): RECENT AF ACADEMY GRADS: F-14
IRAINEES ENTERING AIR REFUELING STAGE: FCLL
TRAINEES

*9, Group contrasts consisted of:

—20 . Simulator Training Veisus Aircraft Training (Control)
(SIMULATOR TRAINING vs FLY ONLY CONTROL)

—2 . Simulator Training With Motion System On Versus Simulator Training
With Motion System Off
(MOTION vs NO MOTION)

2 Full Amount Of Simulator Training Versus Limited Amount Of
Simulator Training (FULL vs LIMITED TRAINING)

2 OTHER (describe) QFT + CFT VS QFT_ACONE: QLD VS, _ NEW SIM,
SIMULATOR FIDELITY CHARACTERISTICS

10, Visual system:

10a. _172.4 Horizontal Fileld-of-view
(Average - based on 16 studies)

10b, _199.9 Vertical Field-of-view
(Average - based on 15 studies)

10c. Type visual system used:
11l Computer Generated Image (CGI)
4 Television Model Board
1 Other (describe) _UNSPECIFLED

2 No Visual System

11. Motion system:
Degrees-of-freedom Of Motion System: 3 __ 0 (fixed base)

g 1 0 2 _3 _3_0 4__1 5 12 6 _Q  Not Stated

11b. Was G-seat Used? 3 _ Yes 12 No 4 Not Stated

llc. Was G-suit Usedry 1 Yes 4 No l4 _ Not Stuated

D-2
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12. Training features:
Simulator is considered a: __15 _ Whola-task Trainer
- b Part-task Trainer
-0 Not Stated
TRAINING CHARACTERISTICS
13, Amount of siéulator training was determined by:
b Proficiency-based Criterion

.. 14 . Blocked Design (all subjects recelved an equal amount of training
time)

1 Other (describe) __UNSPECIFIED
... Not stated

. la, _8,87 Number Training Hours (summed across tasks)
. (Average - based on 16 studles)

Lo, 92,4 Number Training Trials (summed across tasks)
(Average - based on 10 studies)

RESEARCH MEASURES
l6. Dependent measures were:
.0  Exclusively Objective In Nature
9  Exclusively Subjective In Nature

10 A Combination of Both Objective and Subjective
Measures

17. 1s information explicitly stated for determining initial transfer?

5__ Yes 14 No

18. 1Is information expliclitly stated for determining final tranafer?

3 Yes 15 _ No

D-3
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APPENDIX E
CODE BOOK

An asterisk (%) indicates the experiment may be coded in more than one
category for that item.

REEQRT IDENTIFICATION
1, Report ID #:

Write the ID w in the space provided, The raport ID # appears in the top
right hand corner of the front (title) page of all reports, Jjournal articles
etc, Some reports will be coded more than once, since they may have several
comparison groups (e.g., Simulator Training versus Aircraft Training and
Simulator Training With Motion versus Simulator Training Without Motion).

2. Coder ID #: -

Write the codar ID # in the space provided:
Carolyn Prince (1)

Bob Hays (2)

Eduardo Salas (3)

John Jacobs (&)

3. Date of publication: __

Write the date in the space provided. This may be found either on the front
(title) page, especially if it 1s a journal article, or on thu "report
documentation page" usually placed in the first few pages of a technical
report.

4, Publication Source:

Book Dissertation
Journal Paper Presentation
Technical Report Unpublished Manuscript

Other (describhe)

Place a check mark in the appropriste source category.

E-1
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SIMULATOR/AIRCRAFT INFORMATION

5. Simulator name/identification code:

Write down the simulator’s acronym, code or both (if applicable) and its
classification (OFT, OCPT, or W8T). This information can usually be found in
at least two locations: the summary of vresults section of the "report
documentation page" and in the method section within the body of the report.

NOTE. Simulators may be identified nominally, by an alphanumeric code, or
both. In general Alr Force simulators are referred to by an acronym made up
from their title, such as the "Advanced Simulator for Pilot Tralning" or ASPT.
Navy simulators, by design, have an alphanumeric code, such as the 2F87F used
to train P-3 pilots. A notable exception to this is the 2F103, more commonly
referred to as the "Night Carrier Landing Trainer" (NCLT). Most all
simulators, regardless of service branch, can be classified as either a) an
operational f£light trainer (OFT), b) a cockplt procedures trainer (CPT), or c¢)
a weapons systems trainer (WST).

6. Alrcraft name/identification code:

Many aircraft have both a name and alphanumeric identification code. An
example 1is the P-3 "Or on", Write bYoth in the apace provided, 1if both are
given, or at the very least, write the ID code., This information can usually
found 1in the summary section of the ‘"report documentation page” and in the
method section within the body of the report.

RESEARCH DESIGN AND SUBJECT CHARACTERISTICS
7. Subject assignment to groups was:
Random Only ______ Matching Only
Both Neither
Place a check mark in the appropriate subject assignment categorcy.

This information is usually given in the procedures section within the body of
the report.

NOTE. Random gelection is not the same as random gggignment. If the report

states that subjects are randomly selected, and there 1is no additional
information about assignment, place a check mark in the "neither" category.

E-2
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8. Subjects were:
—_ Recent Undergraduate Pilot Training (UPT) Graduates

Experienced Pilots Transitioning to New Aircraft

. Mixed - Having Both High And Low Experienced Pilots

Other (describe)

Place a check in the appropriate subject category. This information is
normally located in the beginning of the method section within the body of the
report although it may also be mentioned in the summary of the report located
on the "report documentation page".

NOTE. Be careful to read any footnotes pertaining to subjects, since they may
contain important information, such as subject loss or the fact that one or
more subjects had additional flight expsrience,

*9, Group contrasts consisted of;

Simulator Training Versur Aircraft-Only Training (Control)
. (SIMULATOR TRAINING vs FLY ONLY CONTROL)

Simulator Training With Motion System On Versus Simulator Training
With Motion System Off
(MOTION vs NO MOTION)

Full Amount Of Simulator Training Versus Limited Amount Of
Simulator Training (FULL va LIMITED TRAINING)

OTHER (describe)

Place a check mark in one or more appropriate group contrast category, even if
there appears to be no usable data from the contrast. If there is usable
data, treat the separate contrasts as separate experiments and £fill out
another code sheet. Note on the front page of each of the code shests that
thls is the first (o second, or third, etc.) code sheet for this experiment
(next to the study ID #) and circle the check mark involving the group
contrast category (in #9 above) specifying which contrast the code sheet
corresponds.,

SIMULATOR FIDELITY CHARACTERISTICS
10. Visual system:
10a. Horizontal Fileld-of-view

‘ 10b. Vertical Fleld-of-view

E-3
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Write the exact FOV parameters in the space provided. This information is
usually found in the method section within the body of the report when
describing the simulator, If the study does not explicitly state this
information, but cites one or more secondary sources, write in "N/S" and the
secondary source(s),
10c. Type visual system used:
Computer Generated Image (CGI)
Television Model Board

Other (describe)

No Visual System

11, Motion system:

Degrees-of-freedom Of Motion System: ____ 0 (£ixed base)

1 2 3 4 &) 6 Not Stated
11b, Was G-seat Used? Yes No __ Not Stated
1le, Was G-suit Used? Yes __No Not Stated .

Place a check mark next to the appropriate category item for the visual
system, motion DOF, and use of G-seat and G-suit. This information is usually
found 1in the method section within the body of the report when describing the
gimulator. As  above, if the report does not explicitly state this
information, but cites one or more secondary sources, write In "N/S" and the
secondary source(s).

NOTE, If the report states that one or more of these systems were
"available", but doesn't state they were used, check the "Not stated" category
and mak: a note to contact the author(s) for this information.
12. Training features:
Simulator is considered a: Whole-task Trainer
Part-task Trainer
Not Stated
Place & check mark next to the appropriate simulator classification category.

This information may be found one of several places: the report summary,
introductiot, or method section. If it is not stated in the report, but the

E-4
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same simulator 1s classified in another report, wuse this information, citing

the othat report (with pagse number). If two or more reports give conflicting
classifications, note this also,
IRAINING CHARACTIERISTICS

13. Amount of simulator training was determined by:
Proficlency-based Criterion

Blocked Design (all subjects received an equal amount of training
time)

Other (dnscribe)

. Not stated

Place a check mark next to the appropriate training category. This information
is wusually found in the procedure section of the body of the report when
describing training procedures for the experimental and control group. In
some cases, performance outcomes measures are trials-to-proficiency, but
training wasn't stopped once proficient performance was reached. Thus, a
category other than proficiency training should be checked reflecting the
actual training procedure,

14, Number Training Hours (total)

15, __ Number Training Trials (total)

Write number(s) in space provided., Both training hours and trials nay not be
given within the report. If one or both are not given, write "N/8". This
information can usually found in the procedure section within the body of the
report and/or given in a table specifying the training syllabus used. If
conflicting information is given by two or more sources within the report,
note both with accompanying page numbers where information is found,

NOTE. The term trial should be understood to mean a single repetition of a
given task or set of tasks. Trials should not be confused with gsessions on

the simulator or sorties in the aircraft, since multiple trials may occur
within a given session/sortie.

RESEARCH MEASURES

16. Dependent measures were!

Exclusively Objective In Nature

Exclusively Subjective In Nature
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— A Combination of Both Objective and Subjective Measures

Place a check mark next to the appropriate measure category, Dependent
measures are usually discussed in the methods section within the body of the
report., Some vreports include additional information about the dependent
measure(s) in an appendix. If present, read this information carefully, since
it may prove critical for determining the correct classification of the
measure(s).

NOTE. Trials-to-proficiency (criteria), when proficiency is determined by
subjective IP ratings should be classified as subjective,

17. 1s information explicitly stated for determining initial transfer?

Yes No

18, 1Is information explicitly stated for determining final transfer?

Yes No

Place a check mark in the appropriate response category. Information about
initial and final transfer can usually be found either in the method section
within the body of the report, in a table summarizing transfer-of-training
performance, or in an appendix. In some instances, multiple trials (e.g., the
first through the third) are used to assess initial transfer and larer trials
(e.g., the seventh and eighth) are used to assess final transfer. Note the
transfer trlal used for both of these measures when the information ig
present. ’
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APPENDIX F
PROCEDURES FOR CALCULATING WEIGHTED MEAN
POINT BISERAL CORRELATION COEFFICIENTS

Procedures for coming up with a single training outcome effect size (ES)
estimate for individual experiments were as follows, Experiments reporting

~usable study statistics (i,e,, wvalues based on f-tests, F-tests, Chi Squares,

and Mann-Whitnay U tests) were converted to point biserial correlation
coefficients using formulas provided by Glass et al. (1981; 1970). When
appropriate study statistics were omitted, a search for information allowing
calculation of usable statlstics was performed. Irn many such cases, means and
standard deviations were obtained and subsequently used to calculate one or
more t- statistics, If the nunber of subjects (N'a) for corresponding
experimental and control groups were disparate, the resulting £- value was
corrected using a formula deccribed by Hunter et al, (1982, p. 99)., In other
cases, reported raw data were used tn calculate an F-statistic or Chi Square,
In four exporiments, informativn was reportad describing the size of a
treatment effact using only a p value (with associated treatment means). In
order to ronder this value usable, it woe first transformed to a L-value based
on corresponding degrees of freedom and conservatlve alpha level (using a
ore-talled distribution) and subsequantly tranaformed . into a point biserial
corralation coefficlent. In all cezes, whenever more than one research
statistic was reported in a single experiment, an average point biserial
correlation coefficient was calculated by first weighting individual
research statistics by the number of subjects used to caleculatg the statiscic.
The final, welghted mean correlation coefficien:, dunoted as RPB, for a glven
expariment has an attached weight equal to the mean number of subjects used to
calculate the individual research statistics., This weight s used when
calculating the overall (population) effect size estimate across experiments.

In cases where there existed competing velues that could he wused to
estimate a training outcome effect wize, the most conservative +alue was
chosen. For example, when converting reported p values to their corresponding
L-value, the one-tailed table value was used since this value is smaller,
thereby providing a more conservative effect size estimate than the two-
tailed value. The exception to this was converting Mann-Whitney U values to
corresponding f-values., Glass et al, (1981, pp. 130- 131) note that a
U-statistic at the .05 probability level corresponds to a L-statistic a. the
.03 or .02 level and thereby provides a more conservative effect size «stimate
than the standard g-test. Since the l-statistic 1is more conservative than a
corresponding t-statistic (assuming the same alpha level), use of the
two-tailed value when converting the former to the latter is appropriate, as
opposed to a smaller one-tailed value.
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Note 1. Conversion of g£- and F-values were done using a FORTRAN- hased
program run on a Zenith 248 microcomputer., This "metatran" program was
generously supplied by Dr, Terry Dickinsen of 0ld Dominion University
Department of Psychology.
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APPENDIX G

SUBGROUP ANALYSIS COMPARING JET AND HELICOPTER EXPERIMENTS

% un-
Alrcraft Number of _ 2 2 2 explained
Type articles RPB § REB 8% 8% variance
Jets 10 .26 ,03119 01979 01140 37
Helicopters 3 .02 00201 01786 - 0
Total Group 13 19 .03452 01920 01532 44

N_g_g_ﬁ. RPB 1s welghted mean poént biserial correlation,coefficient,
S B is observed variance. § . is error variance. § T is "true"
. vaﬁance. The dash (-) should be read as a zero.

G-1
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APPENDIX H

SUBGROUP ANALYSIS COMPARING THREE TYPES OF JET EXPERIMENTS

$ un-

' Experiment Number of ___ 2 2 2 explained
Type articles RPB S RPB S R s T variance
Simulator
versus 10 .26 .03119 01979 .01140 37
Alrcraft-Only
Training
Motion
versus 5 -.05 .03673 03706 - 0
No-Motion
Other 4 .19 .03559 .01303 .02256 63
Total Group 19 W15 04256 .02143 ,02113 50

NQSQ' RPB is weighted mean point biserial correlation,coefficient,
S RPB is observed variance, § ls error variance. S T {g "true"
varfanee. The dash (-) should b8 read as a zero.

H-1
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APPENDIX I

CONFIDENCE INTERVALS AND RELATED VALUES FOR RPB
TABLE VALUES BY AIRCRAFT AND EXPERIMENT TYPE

Result
Classification
Category by —_— 95% CI
Alrcraft and , RPB Values
Experiment Type Value Sd (- to +)
JETS
Simulator v I ft-0nly Traind
(1) Overgll effect size .26 .014 .23 to .29
(2) Objective measures

only W12 061 .00 to .24
(3) Subjective measures

only 25 015 .22 to .28
(4) Initial transfer

trial .19 .032 .13 ko .25
(5) Final transfer

trial .03 224 -, 42 to .48
Motion versus No Motjion
(1) Overall effect size -,05 .057 -.16 to .06
HELICOPTERS
(1) Overall effect size ,02 019 -.02 to .06

Note. RPB value ils mean weighted point biserial correlation coefficient.
Sd 1y the assoclated standard deviation for a glven RPB value. CI means
"confidence interval".

I-1
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APPENDIX J

SUBGROUP ANALYSIS OF RESEARCH CHARACTERISTICS FOR JET EXPERIMENTS

% un-
Moderator  Number of _ 2 2 2 explained
(by subset) articles RPB S RPB S o S T variance

Simulator Fidelity Characteristicg

Did the visual system incorporate computer generated imaging (CGI) technology?

Yes® 5 .21 ,02768  .01720  .01049 18
No 2 .50 ,01139 ,01785 - 0
What type trainer was simulator:

Part-task® 2 .12 .00010  .01354 . 0
Whole-task 8 35 . 02890 .02355 ,00535 19
Iraining Characterigtics

What type training system was employed?

Blocked 6 2] .02076 .01972 .00103 5
Proficiency 3 .54 ,00623 02461 - 0
Research Megsures

Did the dependent measures employed in the experiment include both objective
and subjective measures?

Yes 3 .12 00010 01631 - 0
No 7 .39 02376 .02285 .00091 4
Total Group 10 .26 .03119 01979 . 01140 37

81tem eliminated since it failed to demonstrate a reduction in true
variance relative to that of the total group.

bVariables incorporated into only two (2) experiments were reported soley
for the purpose of visual inspection and should not be considered a valid
moderator based on this analysis.

Negg RPB is welghted mean poiEt biserial correlatinn Eoefficient
S 1s observed variance. e is error variance. T 1lg "true"
vagfance A dash (-) should be read as a zero (0).

J-1
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APPENDIX X

INTERCORRELATIONS AMONG RESEARCH CHARACIERISTICS
FOR JET EXPERIMENTS

ARSEARCH (1) (3) ) (4) (s) () o) (8) 1)) (10)
CHARACTERISTICS :
1) Use of matechi 1.00
) prior to -uhj:gt Notes: Nuaber in parenthesss is nusber of
assigneenc experinents used when calculating Pearson
correlation coefficient, N/A indicates
2) Uss of cOX -, 8548 1.00 correlation cosfficient can not be calw
visual (n culated, * indicates correlation coef-
systen p=.103 fiolent has p«<.08. (C) indlcates variable
is vontinuous.
3) Total Frov of -+3212 « 508 1.00
visual system (C) (9) (7
p=. 292 p=. 082
4) DOF of wotion «110 =,3%8 +388 )..00
systen (C) (10) (7) ()
" p=.381 p=.288 Pp=.174
8) Usa of G=seat 29 J181 1,00
(0) N/A N/A (8)
p-.zﬂ. p=.260
4) Use of <218 =~.2%88 +248 9260 214 1.00
whola~task (10) {(7) {9) (10) (s)
simulator » pe.272 pw.2U8 pw.262 pm,000 pm. 302
,, Use of +500 =,300 =133 2320 «84d «378 1l°°
proficlency= () (7 (8) (9) (7) (9)
baved training p=.0NS pm=.257 pa.377 p=,301 pm.0HP  Pe.2SE
8) Use of objective and ~-,.524 «400 <189 =,682¢ =~,29) -, 764¢% =,300 1.00
subjective dependent  (10) (7) (%) (120) (8) (10) (9)
nuAsSuUres ~ pe.060 p=.187 p=.3)3 p=.0)9 pmw.241 pv.OUS p=. 048
9) Number training 369 . 008 344 476 -, 132 422 +832 . 447 1.00
hours (C) (%) () (s) (9) (1) (v) (8) (9)
. Pu.164 pe.494 P20 pu.0U8 pe.dd P=.135 p=.087 Pp=, 1214
10) Number tralning 296 «438 9400 328 +338 +000 +381 1.00
triale (C) (%) () (5) (%) N/A (%) N/A (3 (4)

pP=.314 Pp=.220 Pp=.008 Pp=.249 pe. 249 P 493 P09
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APPENDIX L
SUBGROUP ANALYSIS COMPARING THREE TYPES OF JET TASKS

$ un-
Task Number of _ 2 2 2 explained
Type articles RPB S RPB 5 e S T variance
Takeoff 3 .65  ,02849 .01438 01410 30
Approach 3 .64 00646 .01273 . 0
Landing 3 .57 .03081 .01695 ,01385 45
Total Group 10 .26 03199 01979 01140 37
. . RPB is welghted mean poiEt biserial correlation ﬁoefficient. '
S B is observed variance., S° is error variance. § T is "true"
vaHance. ¢
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APPENDIX M
TASK DIFFICULTY SURVEY FOR JETS TASKS
RACKCROUND INFORMATION

RANK: EVER BEEN AN INSTRUCTOR PILOT? YES NO

(circle one)
# YEARS FLYING:

TYPES OF AIRCRAFT FLOWN:
(list in order of hours of experience - most to least)

TYPES OF SIMULATORS TRAINED ON: (list)

DIRECTIONS - On the following pages are listed several maneuvers/tasks often
trained using a simulator. Use the 1-3 scale below to rate each task in terms

of how difficult the tagk is to learn. If you first learned the task on a
simulator, rate how difficult the task was to learn

while training on the
simulator (as opposed to aircraft). Then c¢ircle the item number corresponding
to the simulator trained task (see the example on the top of the next page).

Place a rating number on the line next to each task., Place a ZERO (0) next to
any task that you are unsure or haven'’t performed,

1 2 3
LOW MEDIUM HIGH
DIFFICULTY DIFFICULTY DIFFICULTY

1., A LOW DIFFICULTY task 1s one in which;
-actions are clearly defined
-all information is avallable
-components of task can be learned
in a short period of time

2. A MEDIUM DIFFICULTY task is one which:
-it 1s not always clear what your actions should be
-needed Information may not always be available
-performance of the task is often a series of
actions that are moderately complex
-there is some stress involved

M-1
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3. A HIGH DIFFICULTY task is one which:
-there are a number of things to do
-needed information may not be present
-adaptation is required
-stress 1s moderate to high
-actions that make up task are moderately to
very complex

EXAMPLE: (hellcopter tasks)

2 1. Takeoff to Hover (simulator trained task)
—4 . 2, Landing from Hover
—3 _ 3. Confined Area Approach (simulator trained task)

General Description: Air-to-air combat maneuvers

Maneuver/task description
(Related Skills)
1. Acceleration Maneuver A. Degcriptive Commentary
2. High Yo-Yo B, Range Estimation
«. Quarter Plane C. Target Acquisition
4, Barrel Roll Attack D. Kept Bogey in Sight
5. Immelmann Attack E, Weapons Parameter
6. Lag Roll Recognition
7. Separation F. Switchology
8, Tactical Formation
9. Set up on Perch

10. Defensive Maneuvers

11, Low Yo-Yo

12. Lag Pursuit

13, Rolling Scissors

14, Guns Defense (High-G Barrel Rolls)
15, Head On Maneuvering

16. Atoll Extension

General description: Four engine jets only (if you have naver flown this type
aircraft, please skip this section)

E

17. Aburt Four Engines

18. Abort Three Engines

19. Engine Fallure After Refusal
20. Departure

21. Holding .
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22, TACAN/VOR
. Loc

24, GCA

25, 1ILS

26. Normal Landings

27. Approach Flap Landings
28. Waveoff

29. Three Engine Landings

General Description: Afrwork maneuvers

|

30. One Engine Failure at TO
3l1. Two Engine Fallure at TO
32, Low Altitude Restart

33, One Engine Approach

34, Hydraulie Failure

35. Slow Flight

36. Takeoff

37. Straight in Touch-and-go
38, Go Round

39. TO Climb

40, Landing
. 41, Traffic Pattern Stall

42. Control Response

43, Trim

44, Straight-and-level

45. Pitch, Bank, and Powar

46. Constant Air Speed (CAS) Straight-and-level
_47. CAS Climb

48. CAS Descent

49. CAS Climb Turn

50, Level Offy

51. Level Turns

52. Change of Alirspeed

53, Traffic Pattern Steep Turns

54. 30 deg. Bank Turns

. 45 deg. Bank Turns

. 60 deg. Bank Turns

+ Turn-to-headings (TH)

. Alrspeed Changes While TH

. Tech Order Climbs

. Configuration Change

. 30 deg, Bank Descending Left Turns
. Traffic Exits

. Straight in Approach Landings

. 360 deg. Traffic Pattern

. Power-on Stalls

+ Conscant Air Speed (CAS) Descending Turn

L

|

OO OO
CY U B o A —
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67. Vertical-S-Delta
68. Carrier Qualification (CQ) Landings
69. Night CQ Landings
70. Field Carrier Landing Practice (FCLP)
71. Night FCLP
72. Bomb Delivery Approach
73. Bomb Delivery Release
_____ 7, Adr-to-air Refueling
General Description: Formation Flying

E

75, Fingertip

76 . Crossunder

77, Turning Rejoin

78, Wingwork (Fingertip at 15-30 deg. bank)
79. Procedures (start up & shut down)

80. Aborted TO

General Description: Aerobatics

Maneuver/cask desoription
8l. Aileron Roll
82, Split s
83. Loop
84. Lazy 8
85. Immelmann
86. Cuban 8

87. Cloverleaf

DIRECTIONS: Now go back and for tasks having prior simulator training
(circled items), place a plus (+) next to the rating if actual perforimance in
aircraft was noticeably harder than in simulator. Place a dash (--) |if
performance 1in alrcraft was noticeably sasier than in simulator (see example
below).

EXAMPLE!
_=2 1. Takeoff to Hover (simulator trained task that is easier in alrcratt)
1 2. Landing from Hover N

+3 3. Confined area Approach (simulator trained task that is harder n
aircraft)
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APPENDIX N

GUIDPELINES FOR REPORTING FUTURE EXPERIMENTAL RESULTS

Introduccion

The problems associated with conducting transfer-of-training (TOT)
research in the aviation training domain are well documented. It is fully
expected that future research in this area will be plagued by similar problems
and that experimental rigor will suffer accordingly. These guidelines are
meant as an aid for those attempting TOT experiments so that sufficilent
information will be available for subsequent meta-analytic review. While
meta-analysis has its own set of problems, 1t offers a unique perspective for
answering many long-standing questions about the nature of simulator training.

In general, conslder that any information that is not explicitly stated
within the report can not be assumed by the reviewsr. For example, several
reports included in this review noted that subjects were randomly selected
from a class of student aviators. However, no mention was made concerning
student assignment to the experimental conditions, The following items are
sources of information that should be addressed when reporting results of
aexparimentation in this'area.

1) Regearch degign

a) Matching - State whether subjects were matched prior to assignment to
the experimental conditions. Describe the variable(s) used for
matching and the outcome of the matching procedure.

b) Subject assignment - State the procedure for assigning subjects to the
experimental conditions. If random assignment wasn’t posslble or was
compromised in any way, report information about how it affected the
various pgroups.

c) Loss of subjects - Attrition may occur for a variety of reasons and
information concerning subject loss must be described {n detail,
including procedures used when performing statistical analyses (¢.g.,
adjusting degrees- of-freedom).

d) Bias reduction procedures - Counterbalancing and having raters blind
to subject’s experimental assignment are common procedures used to
reduce potentiul measurement bias. Their use (or non-use) should be
chronicled.

e) Estimation of rater agreement - Inter- and (if possible) intra-rater
agreement should be assessed and reported. If objective measures sre
used in conjunction with with subjective indices, report the relaviar
(e.g., L) between these measurement types,

N-1
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2) Pexformance measures and statiscical analysis

a)

b)

c)

d)

e)

Performance measures - A detailed description of each performance
measure should be given, If an established measure 1s used, cite
relevant literature describing each measure and give pertinent
information concerning its application within the experiment.

General statlstical reporting requirements - Reporting detailed
information about all statistical analyses 1is a must. In general,
means, assoclated standnrd deviations, and number of subjects must he
reported for separate analyses, even when multivariate procedures are
used,

Commonly wused statistical procedures - Common statistical procedures
used to describe the magnitude of between-group differences include -
and F-tests, The value of the statistic should be reported as well
as the asscciated p-value, An indication of the direction of the
statistic, relative to the stated null hypothesis, should also be
stated, and apriori versus aposteriorl analyses should be delineated,
The same basic requirements apply when reporting analyses based on
non-parametric  procedures (e.g., chi square)., Reporting exact
p-values is imperative when reporting results of non-parametric
analyses, :

Areas of specific Interest - Currently, issues surrounding task-type
and the extent of TOT performance are in need of investigation,
Accordingly, information about individual tasks should be reported
separately as well as that for individual transfer trials (if
appropriate).

Covariates - Use of any cognitive or non-cognitive variables as
covariates should be reported, The relationship (r) between the
covariate and associated criterion performance variable should be
glven, and if appropriate, the interclass correlations between the
various criterion measures,

3) Ixaining characteristics

a)

b)

General training features - Describe the extent to which the varlous
training programs usad in the experiment were alike and how they
differed in terms of relevant training parameters (e.g., time to
complete training, number of training trials).

Instructor variables - Report the instructor.student ratio as well as
the use of specific simulator instructional features by the
instructor. Describe any training given to instructors on the use of
instructional features. Describe the instructor's level of acceptance
of the simulator as a training device (this {nformation wmay be
task-specific). Descilbe the evwtent to which student motivation
Influences instructor ratings.

N-2
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¢) Student variables - Report the student’'s level of acceptance of the
simulator as a training device. Describe any attempts at
transitioning student from simulator to aircraft,

d) Training program - 1f applicable, describe the development of cthe
training pr-gram(s) with regard to ISD principles and procedures or at
least cite references providing this information. Describe how
knowledge-of-results (KOR) was given to the student (e.g., how often,
in what form). Describe any part-task training methods employed.

4) Simulatox fidelity characteristics

a) General - Describe the level of physical and functional fidelity for
each of the simulator's subsystems (1.,e., sound, motlon/forcws, visual,
cockpit display, and flight control characteristics). The key here is
reporting use, and not just availability, of specific simulator
components (e.g., g-seat, g-sult, stick shaker system).

b) Specific areas of interest - Describa how the simulator flight
control characteristics were validated (example: seat-of -pants vs.
data from actual aircraft)., If use of motion/force cuing is a primary -
experimental manipulation, provide information concerning calibration ]

‘ of hardware/software parameters (at very least, report results of
calibration tests prior to and after experimentaticn).
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